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PUBLIC REVIEW DRAFT
E X E C U T I V E S U M M A R Y

1.0 B A C K G R O U N D
1.1 S i t e Des cr ip t i on
The Vasquez Boulevard and 1-70 (VBI70) S u p e r f u n d S i t e is an area of a p p r o x i m a t e l y f our square
miles located in the north-central section of Denver, Colorado. The site is composed of a number
of neighborhoods that are large ly r e s id en t ia l , in c lud ing S w a n s e a / E l y r i a , Clayton , Co l e , and
port ions of G l o b e v i l l e . Most residences at the site are s ingle f a m i l y d w e l l i n g s , but there are also
some m u l t i - f a m i l y homes and apartment b u i l d i n g s . The site also contains a number of schools,
parks, and p l a y g r o u n d s , as well as a number of commercial and indus tr ial propert i e s . F i g u r e ES-
1 is a map which d i s p l a y s the site.
1.2 Basis For P o t e n t i a l Concern
The site came to the at t ent ion of the U.S. Environmental Protec t ion Agency (USEPA) because
studies directed by the Colorado Department of Public H e a l t h and Environment (CDPHE) at a
nearby site ( G l o b e S m e l t e r ) indica t ed that elevated concentrations of arsenic and/or lead occurred
in the soil of some re s ident ia l prop er t i e s in the S w a n s e a / E l y r i a area. The source of these e l evated
l eve l s is not known, but a priori, it is considered p lau s i b l e that the contamination is associated
with releases either from the G l o b e f a c i l i t y and/or f rom one or both of two other smelters which
prev iou s ly exis ted in the area (the Argo S m e l t e r and the Omaha and Grant S m e l t e r ) . The
locat ions of these three smel ter s in re la t ion to the V B I 7 0 site are also shown in F i g u r e ES-1.
Based on the results of several rounds of soil sampling, U S E P A concluded that the VBI70 site
contained m u l t i p l e residences where the concentration of arsenic and/or lead in yard soil could be
above a level of p o t e n t i a l human health concern. On this basis, USEPA propo s ed the V B I 7 0 si te
for inclus ion on the S u p e r f u n d N a t i o n a l Priori t i e s Lis t (NPL) in January, 1999, and the site was
added to the NPL on July 22 ,1999
2.0 S U M M A R Y OF SITE DATA AND S E L E C T I O N OF CHEMICALS OF

P O T E N T I A L C O N C E R N
2.1 I n i t i a l S t u d i e s
Phase I/Phase II
Once inves t igat ions at the nearby Globe site began to suggest that elevated level s of arsenic
and/or lead might exist in so i l s at r e s ident ia l proper t i e s within the area of the V B I 7 0 site,
C D P H E requested assistance f rom USEPA Region VIII in characterizing the nature and extent of
t h e contamination. I n response, U S E P A Region V I I I undertook a s tudy des igned t o i d e n t i f y
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proper t i e s that had l eve l s of arsenic or lead that were s u f f i c i e n t l y high that time-critical action

_ (soil removal and replacement) might be warranted. Most of these sample s were c o l l e c t e d during
the ini t ial round of sampl ing (referred to as Phase I), with the remainder being obtained in a
subsequent sampl ing e f f o r t (Phase II). In the major i ty of cases, two surface sample s and one

r- subsurface sample were c o l l e c t e d per property, with a d d i t i o n a l surface sample s at some loca t ions
( d e p e n d i n g on the size of the property).

f The action l eve l s selected for time-critical soil removal were 450 ppm for arsenic and 2,000 ppm
for lead. For arsenic, a ma jor i ty of proper t i e s sampled (927 out of 1390) had maximum values
that were below the l imi t of d e t e c t i on (average detec t ion l imi t = 53 ppm). However, arsenic was

~ de t e c t ed in one or more surface soil sample s at a number of proper t i e s , with 40 of these
proper t i e s having one or more samples above 450 ppm. For l ead, most proper t i e s ( 1 , 1 5 3 out of

___ 1,390) had concentration values in surface soil that were below 400 ppm, but 238 proper t i e s had1 one or more values above 400 ppm. Of these, six proper t i e s have one or more lead value above
2,000 ppm.
In order to h e l p confirm the i d e n t i t y of proper t i e s which warranted time-critical soil removal
actions, USEPA c o l l e c t e d two or more compos i t e sample s (each consi s t ing of f i v e sub-samples)

r- of surface soil f rom res idential proper t i e s where one or more grab sample s were above the
removal level for arsenic. Based on the result s of this compos i t e s a m p l i n g program, a total of 21
residences were i d e n t i f i e d where one or more composi t e s conf irmed that arsenic l eve l s were

—* above the action level . Of these, 18 underwent soil removal and replacement in the fall of 1998,
while the owners of the other three p r o p e r t i e s r e fu s ed permiss ion for the removal. No proper t i e s
were i d e n t i f i e d where lead l e v e l s in compos i t e soil sample s were high enough to warrant a time-

T~ cri t ical soil removal action.
Risk-Based Sampling Program
One of the s triking f i n d i n g s that emerged from the Phase I / P h a s e II s a m p l i n g programs was that

_ arsenic-impacted proper t i e s did not appear to occur in a clear spat ia l pattern. That is, the
occurrence of high arsenic l e v e l s in soil did not appear to be associated with prox imi ty to one or
more of the smelters , and proper t i e s with elevated l eve l s of arsenic o f t e n occurred immedia t e ly

— a d j a c e n t to one or more residences that were not a p p a r e n t l y impac t ed .
In order to obtain add i t i ona l i n f o r m a t i o n on the spat ia l pattern of contamination both within and

— between yards, USEPA selected eight p r o p e r t i e s to undergo d e t a i l e d soil sampl ing . F i v e of the
yards were locat ions where Phase I / P h a s e II s ampl ing indicated the arsenic concentrations were
above the removal l eve l , while three of the proper t i e s had arsenic concentrations below the

~" removal l eve l . At each proper ty , a high-dens i ty grid was es tabli shed on 5-foot centers, and soil
sample s were co l l e c t ed wherever the grid node did not fall on a driveway, pat io , etc. In a d d i t i o n ,

___ whenever access could be obtained, the s ampl ing grid was extended 10-15 f e e t into ad ja c en t
proper t i e s in order to determine if there was a clear d i f f e r e n c e in contamination l eve l s between
adjac en t proper t i e s .
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The re su l t s for one proper ty are shown in F i g u r e ES-2. As seen at this location, there is a f a i r l y
clear boundary between the proper ty of concern and the ad ja c en t properties . S i m i l a r pat terns are
observed at other proper t i e s , a l though there are some locations where the contamination may
extend somewhat into the adjacent property.
Other ac t iv i t i e s conducted under the Risk-Based S a m p l i n g Program inc luded co l l e c t i on of a
number of environmental samples (dus t , water, paint, v ege tab l e s) at the eighteen proper t i e s
selected for soil removal. Arsenic and lead l eve l s in indoor dust were found to have no apparent
relat ionship to levels in yard soil, sugges t ing that soil was not a predominant source of
contaminant l ev e l s in indoor dust. Lead l eve l s in tap water were all below the current USEPA
action level for lead in drinking water (15 u g / L ) , sugge s t ing that tap water is not l i k e l y to be a
s i g n i f i c a n t source of exposure. Lead was detec ted in paint at most locat ions, with 130 out of 144
samples having values above 1 mg/cm 2. These data suggest that interior and/or exterior leaded
paint might be a source of lead exposure in area chi ldren, either d i r e c t l y (by paint chip inge s t i on),
or i n d i r e c t l y (by inges t ion of dust or soil containing paint ch ip s) . Only one of the 18 proper t i e s
s ch edu l ed for soil removal had a vege tab l e garden. At this l o ca t ion, concentrations of arsenic
and lead were below the level of detection in two vegetable samples. Because so few samples
were obtained, no conclusions can be drawn from thi s data set.
In a d d i t i o n to environmental s a m p l i n g , a number of b i o l og i ca l sample s (hair, urine, b l o o d ) were
also c o l l e c t e d f r om residents in the proper t i e s selected for soil removal. A total of 15 i n d i v i d u a l s
re s id ing at six of the proper t i e s scheduled for soil removal volunteered to par t i c ipa t e in the
program. None of the sample s c o l l e c t e d exceeded the normal range for lead or arsenic.
A l t h o u g h th i s data set is too small to draw f i r m conclusions, the re sul t s suggest that exposures at
these l o c a t i o n s may not be of immediate hea l th concern.
Physical-Chemical Characterization Study
U S E P A also undertook a s tudy to characterize the phys i cal chemical attributes of the lead and
arsenic contamination in residential site soils. Arsenic was f ound to occur mainly as arsenic
t r i o x i d e , with a smal l er f r a c t i o n present as arsenic antimony oxide. Lead occurs in several
phases, with the highest amount present as lead arsenic oxide. Other phases that are present
i n c l u d e lead manganese oxide and lead pho sphat e , but these f orms do not appear to increase as a
func t ion of total lead concentration, suggesting that these phases may be mainly natural in origin.
In a d d i t i o n , the concentration of metal s in bulk (unsieved) soil sample s were compared to that in
f i n e ( s i ev ed) samples. For l ead , cadmium, and zinc, the concentration measured in the f i n e
fract ion is, on average, very nearly equal to that in the bulk frac t ion, with the data ly ing very
close to the line of id en t i ty . For arsenic, there is a tendency for the concentration values in the
f i n e f rac t i on to be somewhat higher than in the bulk f rac t i on , with an average d i f f e r e n c e of about
20%.
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2.2 S e l e c t i o n of C h e m i c a l s of P o t e n t i a l Concern
Chemica l s of po t ent ia l concern ( C O P C s ) were selected based on available data from f u l l - s u i t e
analyses of soil samples for the 23 metals included on USEPA's Target Analyte List (TAL). In
accord with standard methods i d e n t i f i e d in U S E P A risk assessment guidance, chemicals were
el iminated if: a) the maximum value was below a level of heal th concern, b) the chemical is a
b e n e f i c i a l mineral that is required for good heal th, and c) if the risk contributed is minor
compared to other chemicals that will be retained. Based on these selection procedures, the
C O P C s selected for quantitative evaluation at the V B I 7 0 site are arsenic and lead. All other
chemical s are either not of concern or are present at l ev e l s which contribute minimal risk
compared to arsenic.
2.3 Phase III Inve s t iga t i on
Because of the absence of any clear spatial pattern of soil contamination, U S E P A concluded that
the i d e n t i t y and locat ion of prop er t i e s with elevated l eve l s of arsenic and/or lead could not be
re l iably predicted using traditional approaches. For this reason, U S E P A undertook a large-scale
s a m p l i n g program des igned to obtain data that would h e l p evaluate heal th risks to re s idents in the
area. T h i s program is referred to as the Phase III inves t igat ion. The investigation consisted of
four main parts:

• S a m p l i n g of re s ident ial yard so i l s
• S a m p l i n g of indoor dust at residences
• S a m p l i n g of re s idential vegetable gardens (vege tab l e s and s o i l )
• S u p p l e m e n t a l s a m p l i n g of soil at local s chool s and parks

Phase III was implemented in two parts. The f i r s t part, referred to as Phase Ilia, f o cu s ed mainly
on propertie s (inc lud ing residences, schools, and parks) which had not been investigated in
Phases I or II. The second part, referred to as Phase H l b , consisted of re- sampling at p rop er t i e s
that had previously been sampled in Phase I or II, but for which the data were j u d g e d to be too
l i m i t e d to suppor t clear risk-management decision making.
At the time of the preparat ion of this pub l i c review d r a f t , the re sul t s f r om the Phase Ilia e f f o r t are
avai lab l e , and are the basis for this risk assessment. The re su l t s f r o m the Phase Illb e f f o r t are not
yet c omple t e , but wi l l be incorporated into the f ina l risk assessment.
Residential Soil Sampling
A total of 30 surface soil (0-2 in.) grab samples were collected from each property where access
was granted. T h e s e 30 sample s were combined into three composites samples , each containing
10 grab samples. The composites were prepared by combining every third grab sample, such
that each compos i t e represents an independent est imate of the yard-wide mean concentration.
All compos i t e sample s were dried and mixed, and then analyzed for arsenic and lead by X R F .
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The total number of proper t i e s targeted in Phase Ilia was about 2,600. Of these, a total of 1,637
granted USEPA authority to collect sample s , and sampl e s were s u c c e s s f u l l y co l l e c t ed at a total
of 1,548 propert i e s . Summary s ta t i s t i c s , based on average values at each property and s t r a t i f i e d
by neighborhood, are summarized in T a b l e E S - 1 . For arsenic, most propert ie s (1,270 out of
1,548) have average concentrations of 50 ppm or less, with 126 proper t i e s between 50-100 ppm,
106 between 100-200 ppm, and 46 above 200 ppm. For l ead, 1389 proper t i e s have mean lead
concentrations lower than 400 ppm, with 153 between 400-800 ppm and six higher than 800
ppm. There is only a weak correlation between the occurrence of elevated lead and elevated
arsenic in s o i l , sugge s t ing that the main sources of lead and the main sources of arsenic in yard
soil are not l i k e l y to be the same.
Residential Dust Sampling
In accord with the initial results obtained during the Risk-Based sampl ing program, only a weak
correlation was detec ted between the level of either arsenic or lead in paired soil and dust
samples (R2 = 0.14 to 0.18, respectively). Neverthe l e s s , the s lope s of both regression lines are
s t a t i s t i c a l l y d i f f e r e n t f r om zero (p < 0.01), with best est imate parameter values as f o l l o w s :

Arsenic: C d u s t = 0.06-C^, + 11
Lead: C d u s t = 0.34-C s o i l+150

Residential Garden Sampling
USEPA c o l l e c t e d 72 sample s o f d i f f e r e n t t y p e s o f garden vege tab l e s f r o m 19 d i f f e r e n t p rop er t i e s
around the site. At each location, sample s of garden soil were also c o l l e c t e d . For arsenic, the
concentrations in garden so i l s were g enera l ly lower than in the corre sponding yard soi l s , with no
s i g n i f i c a n t r e la t i on sh ip between the two. For l ead , garden s o i l s also tended to be lower than for
yard so i l s , but there was a weak correlation between the two. T h e s e data suggest that garden
s o i l s are not equivalent to yard soi l s , presumably because most gardens are amended by a d d i t i o n
of s o i l , peat , f e r t i l i z e r , etc. The mean concentrations of arsenic and lead in garden vegetable s
were 0.044 and 0.15 u g / g wet weight (ww), respect ively. There was no apparent d i f f e r e n c e in
concentration as a f unc t i on of vegetable t y p e (expo s ed , pro t e c t ed , root). There is very l i t t l e
t endency for the concentration of either lead or arsenic in garden vege table s to increase as a
f u n c t i o n of the concentration of in garden soi l , although there is a s l igh t (and s t a t i s t i c a l l y
s i g n i f i c a n t ) trend for arsenic ( s l o p e = 0.002 m g / k g ww per m g / k g in s o i l ) . The s l o p e for lead is
very close to zero and is not s ta t i s t i ca l ly s igni f i cant .
Sampling at Schools and Parks
S a m p l e s of surface soil were collected at 10 schools and one park. Concentrations of arsenic are
g e n e r a l l y low, with average values ranging from 11-15 p p m , and maximum values les s than 30
ppm. An exception to this pattern occurred at one school property where two values s i g n i f i c a n t l y
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higher than expected were detec ted (1 ,517 ppm and 70 p p m ) . The s e values occur adjacent to
each other, and are surrounded by values of 17-23 ppm. T h i s suggests there might be a small
"hot spot" at this location.
2.4 Data S e l e c t e d For Use in T h i s Risk Asse s sment
The data from the Phase Ilia s a m p l i n g program were se lec ted for use in this risk assessment
because 1) all Phase Ilia data were co l l e c t ed in accordance with p r o j e c t p lans that were
deve loped with careful consideration of the Data Quali ty Objec t ive s (DQOs) needed to support
risk assessment calculat ions , and 2) all data c o l l e c t e d during Phase Ilia are accompanied by
thorough Quality Assurance (QA) data that allow detailed evaluation of the r e l iab i l i ty of the data.
A d e t a i l e d review of these quality assurance data reveal that the data co l l e c t ed are of high
quali ty, with adequate accuracy and precision to support a re l iable evaluation of human health
risk.
Data c o l l e c t e d during Phase I / P h a s e II were not used because they were co l l e c t ed only with the
intent of i d e n t i f y i n g locations that exceeded the removal action l ev e l s , and were not intended to
support risk ca l cu la t ions or remedial deci s ion making. More s p e c i f i c a l l y , data f rom Phase
I / P h a s e II were not used because 1) many sample s had elevated de t e c t i on l imi t s for arsenic, 2)
the sampl ing density at each property was too low, and/or 3) sampling locations were not clear.
However, d e s p i t e these l imi ta t i on s , it is clear that the data f r om Phase I / P h a s e II and f r om Phase
Ilia are generally similar, each indicating the occurrence of scattered propertie s with elevated
l e v e l s of lead and/or arsenic.
3 . 0 E X P O S U R E A S S E S S M E N T
F i g u r e ES-3 presents a conceptual model showing the main pathways by which contaminants
present in surface soil may come into contact with area residents. Exposure scenarios that are
considered most l i k e l y to be of concern are shown by boxes containing a solid circle, and
greatest at tention is f o cu s ed on these pathways. Pathways which are j u d g e d to contribute only
occasional and minor exposures are shown by boxes with an open circle. I n c o m p l e t e pathways
(i.e., those which are not thought to occur) are shown by open boxes. Based on this conceptual
model, the f o l l o w i n g pathways are j u d g e d to be of s u f f i c i e n t potential concern to warrant
quanti tat ive exposure and risk analysis:

P o p u l a t i o n
Resident

Medium and Exposure Route
Incidental ingestion of soil and dust in and
about the home and yard
I n g e s t i o n of home-grown vegetables
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Other exposure pathways are j u d g e d to be s u f f i c i e n t l y minor that further quantitative evaluation
is not warranted.
4 .0 QUANTIFICATION OF E X P O S U R E AND RISK FROM ARSENIC
4.1 Q u a n t i f i c a t i o n of Exposure
Exposure of residents to arsenic in so i l , dust and vegetable s were evaluated using the standard
exposure equations i d e n t i f i e d in U S E P A risk assessment guidance. Exposure parameter input
values were the d e f a u l t values recommended in USEPA guidance for residents. All
concentration values in soi l , dust and garden vegetable s were based on s i t e - s p e c i f i c data.
4.2 T o x i c i t y Asse s sment
The toxic e f f e c t s of arsenic have been reasonably well e s t ab l i s h ed , based mainly on s tudie s of
humans exposed to elevated levels of arsenic from a variety of sources. The f i n d i n g s f rom these
s tudie s are summarized b r i e f l y below.
N o n c a r c i n o g e n i c E f f e c t s
Oral exposure to high doses of arsenic produces marked irritation of the gas trointe s t inal tract,
l ead ing to nausea and vomiting. Symptoms resulting from chronic ingestion of lower doses of
arsenic o f t e n begin with a vague weakness and nausea. As exposure continues, symptoms
become more characteris t ic and may include signs such as diarrhea, vomiting, anemia, in jury to
blood ves se l s , damage to kidney and liver, and impaired nerve f u n c t i o n that l ead s to "pins and
needles" sensations in the hands and f e e t . The most d iagno s t i c sign of chronic arsenic exposure
is an unusual pattern of skin abnormalities, in c lud ing dark and white spot s and a pattern of small
"corns," e s p e c i a l l y on the p a l m s and soles.
Carcinogenic E f f e c t s
There is strong evidence from a number of human studies that oral exposure to arsenic increases
the risk of skin cancer. The most common type of cancer is squamous cell carcinoma, which
appears to d e v e l o p f r om some skin corns. In add i t i on , basal cell carcinoma may also occur,
t y p i c a l l y arising from c e l l s not associated with the corns. Although these cancers may be easily
removed, they can be p a i n f u l and d i s f i g u r i n g and can be fa ta l if left untreated. More recent data
indicate that chronic oral arsenic exposure may also increase the risk of internal cancers,
i n c l u d i n g cancer of the b ladder and lung.
T o x i c i t v F a c t o r s f o r Arsenic
Based on the avai lable t o x i c i ty data for arsenic, the USEPA has e s tabl i shed both a Reference
Dose (RfD) for evaluating risk of non-cancer e f f e c t s , and a cancer s l o p e f a c t o r for q u a n t i f y i n g
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the risk of cancer. Thes e values are summarized below.

T o x i c i t y F a c t o r
Chronic RfD
Oral S l o p e F a c t o r

Value
0.0003 m g / k g - d a y
1 .5 (mg/kg-day)'1

Source
IRIS 2000
IRIS 2000

Because the oral RfD and the oral SF for arsenic are based on s tudie s of humans exposed to
arsenic either in drinking water or in other readily absorbable forms, solid forms of arsenic in site
s o i l s may be l e s s well-absorbed and require a d j u s t m e n t s in the t ox i c i ty fac tor s to derive
appropr ia t e e s t imates of toxici ty. In order to inves t igate the relative b i o a v a i l a b i l i t y (RBA) of
arsenic in site soils, U S E P A performed a study in which f i v e separate samples were fed to swine
for 12 days. The s tudy found that arsenic in site so i l s was less well absorbed that a r ead i ly
s o l u b l e form of arsenic (sodium arsenate), with RBA values for ind iv idua l sample s ranging from
about 0.2 to 0.5. Based on the results of this s tudy, the upper conf idence limit of the RBA for
arsenic in site s o i l s was est imated to be 0.5.
4.4 Risk Characterization for Arsenic
Risks from Soil and Dust
Cancer Risk
Cancer risks from exposure of residents to arsenic in yard soil and indoor house dust were
ca l cu la t ed for each proper ty using the basic equations recommended by USEPA. The r e su l t ing
risk e s t imate s are shown in T a b l e ES-2.
For central tendency exposure (CTE) condit ions, most proper t i e s have e s t imated excess cancer
risks for exposures due to arsenic in soil p lu s dust that lie between 1.IE-06 and 1.4E-05 ( 5 t h to
95th percent i l e), with a maximum value of 8.3E-05.
For reasonable maximum exposure (RME) conditions, most proper t i e s have risk estimates that
lie between l.OE-05 and 1.3E-04, with a maximum value of 7.8E-04. Of the total propert ie s
inves t igated (1,548), 112 (approx imat e ly 7%) have RME cancer risks which exceed l.OE-04.
The spat ial pattern of proper t i e s with arsenic contamination that exceeds a risk level of IE-04 is
approx imate ly uniform across the site, with an average frequency of about 8%.
Chronic Noncancer Risks
Est imated risks of non-cancer health e f f e c t s f r om chronic exposure to arsenic in soil and dust are
shown in T a b l e ES-3. For indiv idual s with C T E , risks at most proper t i e s f a l l between 2E-02 and
2E-01 (5th to 95th per c en t i l e) , while i n d i v i d u a l s with RME have risks that lie mainly between
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5E-02 and 7E-01. T h e s e resul t s indicate that risk of noncancer e f f e c t s is low for most
i n d i v i d u a l s at most locations. However, there is one locat ion where the CTE non-cancer risk
does s l i g h t l y exceed 1E+00 (HQ = 1.4E+00), and there are 28 locations where the RME hazard
quotient (HQ) values exceed 1E+00 (maximum = 4E+00). Thes e locations where noncancer
risks enter a range of concern (HQ > 1E+00) are also above the usual level of concern ( I E - 0 4 )
for cancer.
Noncancer Risks f rom Short-Term Exposures
In most cases, if chronic noncancer and cancer risks from arsenic are below a level of concern,
risks from shorter term exposures will also be below a level of concern. However, in cases
where there is high spatial variability of arsenic concentrations in soil at d i f f e r e n t locations
within a proper ty (as may occur at this s i te), it is conceivable that long-term average exposures in
a yard might not be of concern, but that short-term high-intake exposures by a child p l a y i n g in
the yard at locat ions of above-average concentration could be of concern. T h i s is commonly
referred to as a "hot-spot" exposure scenario.
The USEPA has not e s tab l i shed standard exposure parameters for evaluating short-term
exposures, so screening level c a l cu la t i on s were p er f ormed based on the f o l l o w i n g assumptions:

Concentration = maximum value that could be contained in any compos i t e value
Body weight = 10 kg (th i s corresponds to a child who is 6-12 months in age)
S o i l Intake rate = 500 m g / d a y (sub-chronic) or 2,000 m g / d a y (sub-acute)
Exposure Frequency = 3 0 / 1 2 0 (sub-chronic) o r '/z (sub-acute)
RfD = 6E-03 m g / k g - d a y (sub-chronic) or 5E-02 m g / k g - d a y (sub-acute)

Based on the exposure assumptions above, the f o l l o w i n g results are obtained:
S t a t i s t i c
N < 1E+00 (no concern over hot s p o t s )
N > 1E+00 ( p o s s i b l e hot s p o t )
N > 1E+00 AND not of chronic concern (ri sk < I E - 0 4 )

S u b - A c u t e
1387
161
49

Sub-Chronic
1382
166
54

As seen, about 161-166 p r o p e r t i e s are i d e n t i f i e d by this screening technique as locat ions where a
hot-spot of po t en t ia l short-term noncancer health concern might exist. Of these proper t i e s , most
are already i d e n t i f i e d as being of potential concern due to estimated chronic cancer risks which
exceed a cancer risk level of 1E-04. The remaining proper t i e s (about 49-54) are locat ions where
addi t i ona l inve s t iga t i on may be needed to determine if any short-term risks are a c t u a l l y present.
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Risks from Home-Grown Vegetables
A total of 72 d i f f e r e n t samples of garden vegetables were col lec ted from 19 d i f f e r e n t propert ie s
across the site. At each property, the 95% upper confidence limit ( U C L ) of the mean
concentration of arsenic was calculated, and this value (or the maximum, whichever was lower)
was used to estimate risks to residents. For individuals whose intake of home-grown garden
vegetables is average (CTE) for the western United State s , neither non-cancer nor cancer risks
enter a range of concern at any property tested. For individuals whose intake is at the upper-
bound (RME) of the d i s tr ibut ion of garden vegetable consumption, risks do enter a range of
potential concern for f iv e proper t i e s . At three of these proper t i e s , the magnitude of the excess
risk is r e la t iv e ly small (RME cancer risk - 2E-04), and is due in most cases to the conservatism
introduced by use of the 95% UCL of the mean rather than the mean concentration for the risk
calculations. At the f our th property, the high risk estimates are attributable to a single vegetable
sample (garl i c) that was s i g n i f i c a n t l y higher than the remainder of the samples from this location.
Analys i s of a second garlic sample from this location yielded a much lower arsenic
concentration, sugges t ing that the original value may have been biased high. At the fifth
proper ty , a number of vegetables had concentration values that were higher than in sample s f r om
most other proper t i e s , and sample s from this locat ion could be of po t ent ia l concern for an RME
consumer. The concentrations of arsenic in the garden soil sample s at this location were also
somewhat higher (mean = 51 p p m ) than for most other gardens (average = 15 p p m , range = 11 to
24 ppm), sugge s t ing the elevated values were at tr ibu tab l e to soil contamination. An interview
with the property owner did not reveal any probable source of arsenic in the garden.
4.5 Uncertaintie s in Arsenic Risk Assessment
It is important to recognize that the calculat ions of short-term and long term exposure and risk
from arsenic ingest ion in soil are based on a number of assumptions and estimates, and that these
introduce uncertainty into the risk results. The most important of the sources of uncertainty in the
ca l cu la t ions are summarized below.
Uncertainty in Concentrat ion Terms
The concentration term that is appropriate for calculat ing exposure and risk from ingestion
exposure to arsenic is the true mean concentration in the medium of concern (soil , dust,
vegetables), averaged over the area and time interval (averaging time) of concern. Because the
true mean cannot be calculated from a l imited set of sample results, the U S E P A utilizes the 95%
upper conf idence limit of the mean as a conservative estimate of the true mean. T h i s approach
h e l p s ensure that the exposure and risk estimates that are derived are more l ike ly to overestimate
that underestimate the actual risk.
Uncertainty in Intake Rates
Data on the amount of soil ingested by humans are very limited. Measurements are d i f f i c u l t to
perform, and results vary s i g n i f i c a n t l y from study to study and from method to method. In
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addi t ion, data are based mainly on short term studies, so estimates of long-term average intake
rates are e spe c ia l ly uncertain. Moreover, intake rates are l i k e l y to vary from site to site and
property to property, depending on things such as climate, socioeconomic status, yard condition,
etc, so the d e f a u l t intake rates used in these calculations may not r e f l e c t the true intake rates at
the site. Because of the l imi ta t i on s in the data, the d e f a u l t values recommended by U S E P A are
intended to be on the high side (i.e., are more l i k e l y to overestimate than underestimate actual
soil ingestion).
Uncerta inty in Exposure Duration
Cancer risk calculations depend on the duration of exposure. Defau l t exposure durations used in
the risk assessment are not s i t e- spec i f i c , and are estimated from data on the length of time that
p e o p l e own a particular residence. Thus, actual exposure durations of residents at the site may
not be the same as the assumed exposure durations assumed, and might be either longer or
shorter than assumed.
Uncer ta in ty in T o x i c i t y F a c t o r s
One of the largest sources of uncertainty in most risk assessments stems from uncertainty in the
toxicity factors used to predict responses from the calculated doses. In the case of arsenic, dose-
response data are derived from studies in humans, which s i g n i f i c a n t l y reduces the degree of
uncertainty compared to extrapolations based on animal data. However, a s ignif i cant degree of
uncertainty st i l l remains in all of the toxicity factors. For example, dose-response curves in the
key s tudie s are g enera l ly l imi t ed by lack of precise data on the actual exposure rates. Moreover,
there are s t i l l large uncertainties in how to e x t rapo la t e f r om r e la t iv e ly high exposure l eve l s to
lower exposure l ev e l s , and in the importance of cultural and ethnic d i f f e r e n c e s between d i f f e r e n t
s tudy p o p u l a t i o n s . USEPA is currently in the process of reassessing the risk characterization for
arsenic, and the quantitative risk fac tor s (RfD and/or oral s l o p e f a c t o r ) may be revised in the
fu ture as new data and as new analyses warrant.
Uncertainty in Bioavailabi l i ty
In order to cause an adverse response, arsenic that is ingested must be absorbed into the body.
Measurements of the arsenic relative b i oava i lab i l i ty have been per formed for f i v e so i l s f rom the
V B I 7 0 site. W h i l e measurements based on site so i l s s i g n i f i c a n t l y reduces uncertainty in this
exposure parameter, uncertainty s t i l l remains. For example, variabil i ty was observed between
d i f f e r e n t site soils, and a conservative estimate of the mean value was employed to represent the
site-wide average absorption. Thi s approach is expected to result in an over-estimate of true
absorption. Another source of uncertainty is in the extrapolat ion of data from test animals to
humans. The test animals (swine) were selected because they are believed to have a
gastrointestinal system similar to that in humans, but it is also expected that absorption in
humans may vary as a function of age, stomach contents, nutritional status, etc. Thus, the
measurements in animals should be viewed as uncertain estimates of the true values in humans.
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Summary
Because of the uncertainties summarized above, none of the exposure and risk calculations for
arsenic should be interpreted as accurate measures of the true risk, rather, all values should be
interpreted as uncertain estimates. Because most of the approaches for dealing with uncertainty
are intended to be conservative (i.e., are more l i k e l y to overestimate than underestimate), the risk
values above should be thought of as high-end estimates of the true risk, and actual risks are
l i k e l y to be lower.
5.0 E X P O S U R E AND RISK FROM LEAD
5.1 Overview
Risks from lead are evaluated using a somewhat d i f f e r e n t approach than for most other metals.
F i r s t , risks are assessed only for young children because they are more su s cept ib l e to lead than
adul t s . Second, risks are expressed at the probab i l i ty that a child will have a blood lead value
greater than 10 u g / d L . The health-based goal e s tabl i shed by USEPA is that there should be no
more than a 5% chance that any child will have a blood lead value above 10 u g / d L .
5.2 IEUBK Model for Asse s s ing Lead Risk
Risks from Soil and Dust
The U S E P A has d eve l oped an Integrated Exposure Uptake Biokinetic (IEUBK) model for
p r e d i c t i n g the l i k e l y range of blood lead l eve l s in a p o p u l a t i o n of young children (age 0-6 years)
exposed to a s p e c i f i e d set of environmental lead l eve l s . Based in part on this mode l , the USEPA
has e s tabl i shed a national p o l i c y that soil lead l eve l s below 400 ppm may be assumed to be
below a level of health concern. S o i l lead l eve l s above the 400 ppm screening level may or may
not be of concern, depend ing on s i t e- spec i f i c factors.
The IEUBK model was used to predict risks at each property that was sampled during Phase Ilia,
using d e f a u l t IEUBK model input parameters for all parameters except for the concentration of
lead in soil and dust, which were based on s i t e - s p e c i f i c measurements. The result s are shown in
T a b l e ES-4. As seen, of the total of 1,548 residences examined, a total of 159 (10%) have mean
soil lead l e v e l s above EPA's screening level of 400 ppm. In most of these cases the soil lead is
only s l i g h t l y e l evated, with 137 of the 159 being less than 600 ppm. When characterized in
terms of pr ed i c t ed risk of exceeding a blood lead level of 10 u g / d L (this is referred to as " P I O " ) ,
the major i ty of homes (108 out of 159) above the 400 ppm soil lead level would be expected to
have PIO values of 5-10%, only s l i g h t l y above the heath-based goal of 5%. However, about 40
propert ie s would be expected to have PIO values between 10-20%, and 11 homes are predicted to
have PIO values greater than 20%.
A l t h o u g h homes with elevated soil lead are found in all neighborhoods, the densi ty of homes
above 400 ppm tends to be higher in the central and western part of the site than in areas on the
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eastern s ide of the site.
Risks from Lead in Garden Vegetables
As noted prev ious ly, there is e s s e n t i a l l y no uptake of lead from soil into garden vegetables at this
site. On thi s basis, it is concluded that exposure to lead f rom inges t ion of home grown garden
vegetable s is not of concern.
5.3 U n c e r t a i n t i e s in Lead Risk Evaluat ion
It is important to stress that lead risk pred i c t i on s based on the IEUBK model are uncertain. T h i s
uncertainty arises from a number of factors. F i r s t , there is inherent d i f f i c u l t y in providing the
model with r e l iab l e estimates of human exposure to lead-contaminated media. For example ,
exposure to soil and dust is d i f f i c u l t to q u a n t i f y because human intake of these media is l i k e l y to
be h i g h l y variable, and it is very d i f f i c u l t to derive accurate measurements of actual intake rates.
Likewise, s i t e - sp e c i f i c data on exposure to lead through the diet are generally not available, and
because dietary lead l ev e l s have been decreasing over time, the d e f a u l t data used in the model
may no longer be accurate. S e c o n d , it is o f t e n difficult to obtain r e l iab l e est imates of key
pharmacokinetic parameters in humans (e.g., absorption f ra c t i on , distribution and clearance rates,
etc.), since direct observations in humans are l imited. F i n a l l y , the absorption, distribution and
clearance of lead in the human body is an extremely compl i ca t ed process, and any mathematical
model intended to s imulate the actual processes is l i k e l y to be an o v e r - s i m p l i f i c a t i o n .
Consequen t ly , IEUBK model ca l cu la t ions and pred i c t i on s should not be thought of as being
identical to actual risk.
One way to h e l p determine whether the IEUBK model is y i e l d i n g re l iab l e resul t s at a part i cular
site is to compare the IEUBK model pr ed i c t i on s with actual observations of blood lead l eve l s in
the p o p u l a t i o n of children currently living at the site. At the V B I 7 0 site, only very limited blood
lead data are available , with values f rom only 15 i n d i v i d u a l s available. In this group of
i n d i v i d u a l s , no cases of blood lead values above 10 u g / d L were observed. However, the data set
is too l imi t ed to support any strong conclusion.
Another way to evaluate the po t ent ia l uncertainties that may be associated with the use of the
IEUBK model in evaluating lead risks to children is to consider the result s of alternative
approaches. For example, U S E P A Region VIII has been working to deve lop a variation of the
IEUBK model that is referred to as the Integrated Stochastic Exposure (ISE) Model for Lead.
T h i s model is s imilar to the IEUBK model , except that it uses probab i l i ty density f unc t i on s
(PDFs) rather than point estimates as inputs for most concentration and exposure parameters.
Thes e d i s tr ibut ions are combined using Monte Carlo s imulation techniques to yie ld a predic ted
dis tribution of absorbed lead doses ( u g / d a y ) for d i f f e r e n t members of the exposed population.
Thes e doses are then used as input to the biokinetic port ion of the IEUBK model in order to
generate the pr ed i c t ed di s tr ibut ion of blood lead values in the p o p u l a t i o n . Thus , the variabi l i ty
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between children is evaluated in the ISE model based on the variability in environmental and
exposure parameters, rather than by app l i ca t i on of an assumed or estimated GSD value as in the
IEUBK model. When the ISE model is used to estimate the relation between soil lead and blood
lead at the VBI70 site, lead risks from soil are not as large as predicted by the IEUBK model, and
most proper t i e s within the site would be of low health concern. The d i f f e r e n c e in the
conclusions between the IEUBK model and the ISE model i l l u s t r a t e the range of uncertainty
which is associated with e s t imating risks to chi ldren f rom lead in soil.
6.0 CONCLUSION
Arsenic occurs in soil at some residential propertie s at the VBI70 site at concentration levels that
pose an RME excess l i f e t i m e cancer risk above a level of IE-04. Based on current data, about
8% of all propertie s f a l l into this category. Non-cancer risks from arsenic are also above a level
of human health concern at some properties , mainly at the same locations where cancer risks are
of concern. However, non-cancer risks f r om short-term exposures to arsenic at small "hot spots"
may occur at some locat ions where cancer risks are below a level of concern. EPA will p e r f orm
f ur th er s a m p l i n g at these locat ions to determine is short-term exposures are ac tua l ly of concern
or not.
Proper t i e s with elevated l eve l s of arsenic occur at w ide ly scattered locations across the site, with
no clear spatial pattern. At an impacted property, the contamination appears to be distributed
across the yard area, with a fa i r ly clear boundary between the impacted property and the adjacent
properties. The chemical form of the arsenic is predominantly arsenic trioxide.
Lead also occurs at elevated l ev e l s in soil at some re s id en t ia l proper t i e s . U s i n g EPA's IEUBK
model to evaluate the risk to chi ldren, it is estimated that about 10% of residences have l eve l s
that exceed EPA's health-based goal (no more than a 5% chance that a child will have a blood
lead value above 10 u g / d L ) . Of these 10%, about 7% have only s l i g h t l y elevated lead l e v e l s and
exceed the health-based goal by only a small amount, while about 3% of the proper t i e s have lead
leve l s that are sub s tant ia l ly above the target risk level. The pattern of proper t i e s with lead
contamination does not appear to be c losely linked to those that are impacted by arsenic.
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T A B L E E S - 1 S U M M A R Y S T A T I S T I C S F O R P H A S E I l i a S O I L S A M P L E S
A R S E N I C
S t a t i s t i c
N
5 th
25th
50th
7 5 t h
90th
9 5 t h
M a x

C l a y t o n
644
5.5
5.5

10.3
40.5

109.7
175.9
609.6

C o l e
601
5.5
7.7

11.8
23.9
91.4

150.7
659.8

F i v e P o i n t s
14
5.5

10.3
16.4
21.9
28.4
39.7
59.2

G l o b e v i l l e
22
5.5
8.3

10.8
18.3
33.6
44.8
70.9

S w a n s e a / E l y r i a
267
5.5
5.5
9.0

23.9
93.1

140.3
430.6

A l l
1548
5.5
5.5

10.9
30.7
98.4

161.9
659.8

L E A D
S t a t i s t i c
N
5 th
25th
50th
75th
90th
9 5 t h
M a x

C l a y t o n
644
79

111
147
201
286
348

1131

C o l e
601
135
216
284
367
452
515

1004

F i v e P o i n t s
14

170
383
436
549
687
764
835

G l o b e v i l l e
22
170
226
282
331
383
424
782

S w a n s e a / E l y r i a
267
82

119
177
281
409
479
922

A l l
1548

87
135
204
309
402
475

1131

All value s are based on the mean value observed at each p r o p e r t y

Phase 3 soil s ta t s . x l s
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Neighborhood
C l a y t o n

Cole

F i v e Points

G l o b e v i l l e

S w a n s e a / E l y r i a

A l l N e i g h b o r h o o d s

Propertie s
Evaluated

644

601

14

22

267

1548

CTE Cancer Risk
£1E-05

587
91.1%

554
92.2%

14
100.0%

22
100.0%

247
92.5%

1424
92.0%

1E-05-1E-04
57

8.9%
47

7.8%
0

0.0%
0

0.0%
20

7.5%
124

8.0%

1E-04-1E-03
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

> 1E-03
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

RME Cancer Risk
51E-05

219
34.0%

124
20.6%

2
14.3%

4
18.2%

92
34.5%

441
28.5%

1E-05-1E-04
371

57.6%
437

72.7%
12

85.7%
18

81.8%
157

58.8%
995

64.3%

1E-04-1E-03
54

8.4%
40

6.7%
0

0.0%
0

0.0%
18

6.7%
112

7.2%

>1E-03
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

A r s e n i c c a l c s . x l s
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N e i g h b o r h o o d
Clayton

Cole

F i v e Poin t s

G l o b e v i l l e

Swans ea /Elyr ia

A l l N e i g h b o r h o o d s

Proper t i e s
Evaluat ed

644

601

14

22

267

1548

C T E H a z a r d Quotient
5 S 1

643
99.8%

601
100.0%

14
100.0%

22
100.0%

267
100.0%

1547
99.9%

1-2
1

0.2%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
1

0.1%

2-5
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

6-10
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

>10
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

RME H a z a r d Quotient<;1
633

98.3%
585

97.3%
14

100.0%
22

100.0%
266

99.6%
1520

98.2%

1-2
7

1.1%
10

1.7%
0

0.0%
0

0.0%
1

0.4%
18

1.2%

2-5
4

0.6%
6

1.0%
0

0.0%
0

0.0%
0

0.0%
10

0.6%

6-10
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

>10
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

A r s e n i c c a l c s . x l s
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T A B L E ES-4 E S T I M A T E D R I S K S T O C H I L D R E N F R O M L E A D I N S O I L A N D D U S T
N e i g h b o r h o o d

P I A Y T O N

COLE
F I V E P O I N T S
G L O B E V I L L E

S W A N S E A / E L Y R I A
A L L

Count
644

100%
601

100%
14

100%
22

100%
267

100%
1548

Count >400
18

2.8%
104

17.3%
7

50.0%
2

9.1%
28

10.5%
159

P 1 0 > = 5 a n d < 1 0
11

1.7%
77

12.8%
3

21.4%
1

4.5%
16

6.0%
108

P 1 0 > = 1 0 a n d < 2 0
4

0.6%
23

3.8%
3

21.4%
0

0.0%
10

3.7%
40

P10 >=20
3

0.5%
4

0.7%
1

7.1%
1

4.5%
2

0.7%
11

Lead ca l c s . x l s
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20 -|
18 -
16 -
14
12
10 i
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9 ©i 99
t
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© 3

House: i H W « i i l

As (<=70) • As (71-150) As (151-450) * As (451-1000) • As (>1 OOP)
Scale is approximate
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S c a / e ;s approximate
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" O n - F a c i l i t y " exposure is on ly at the f ormer Omaha-Grant and A r g o sites.
a- Other sources may be historical smelters, other active smelters & arsenical pesticides.
b- The work group wil l r e f i n e the l i s t of exposed p o p u l a t i o n s as the risk assessment proceeds and
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S E C T I O N 1
I N T R O D U C T I O N

— 1.1 SITE DESCRIPTION
The Vasquez Boulevard and 1-70 (VBI70) S u p e r f u n d S i t e is an area of a p p r o x i m a t e l y f our square

7" miles located in the north-central section of Denver, Colorado. The site is composed of a number
of neighborhoods that are large ly r e s ident ia l , in c lud ing Swans ea/Elyr ia , Clayton, Col e , and

_ por t ions of G l o b e v i l l e . Most residences at the site are s ing l e f a m i l y d w e l l i n g s , but there are also
i some m u l t i - f a m i l y homes and apartment bu i ld ings . The site also contains a number of schools,

parks, and playgrounds , as well as a number of commercial and industrial properties . Figure 1-1
._ is a map which d i s p l a y s the site.

The site is large ly f l a t in topography, s l op ing gently towards the Pla t t e River which f l o w s in a
— northeasterly direction through the site. Other than the Pla t t e River, there are no other major

surface water bodies within the site.
"" The climate of the site is generally typical of C o l o r a d o ' s semiarid eastern plains. Temperatures

are moderate throughout the year, with monthly averages ranging f rom 30° F in January to 73° F
in July. Annual r a i n f a l l measures 16 inches, 60% of which f a l l s during the spr ing and summer.

"~ The rainiest month is May, with an average r a i n f a l l of 2.6 inches. S n o w f a l l t o ta l s in the Denver
Metro area average 60 inches, with March usually receiving the most snow (12.5 inches). The

— Rocky Mountain f o o t h i l l s , about 20 mile s west of the site, h e l p create a p r e d o m i n a n t l y southern
wind f l o w at the s i t e , with an annual average ve l o c i ty of about 8.5 mph. Peak winds can reach
velocit ie s of 30-50 mph, with the highest winds t ending to be from the north-northwest (Colorado

_ C l i m a t e Center 2000).
1.2 BASIS FOR POTENTIAL C O N C E R N
The site came to the at tention of the U . S . Environmental Protection Agency (USEPA) because
s tudie s directed by the Colorado Department of Public H e a l t h and Environment (CDPHE) at a

~~ nearby site (Globe Smel t e r) indicated that elevated concentrations of arsenic and/or lead occurred
in the soil of some re s ident ia l proper t i e s in the S w a n s e a / E l y r i a area. The source of these elevated
l ev e l s is not known, but a priori, it is considered p l a u s i b l e that the contamination is associated

~" with releases either from the Globe f a c i l i t y and/or f rom one or both of two other smelters which
previously existed in the area (the Argo Smel t er and the Omaha and Grant Smel t e r). The

^ lo ca t i ons of these three smelters in relat ion to the V B I 7 0 site are also shown in Figure 1-1.
Based on the results of several rounds of soil sampl ing (see Sect ion 2.0), U S E P A concluded that

_ the V B I 7 0 site contained m u l t i p l e residences where the concentration of arsenic and/or lead in
1
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yard soil could be above a level of po t ent ia l human health concern. On this basis, U S E P A
proposed the V B I 7 0 site for inclusion on the S u p e r f u n d National Priorities List (NPL) in January,
1999, and the site was added to the NPL on July 22,1999.
1.3 P U R P O S E AND SCOPE OF THIS D O C U M E N T
This document is a baseline human health risk assessment. The purpose of the assessment is to
characterize the nature and magnitude of any risk to humans that may be attributable to
contamination of site media, assuming that no steps are taken to remediate the environment or to
reduce human contact with contaminated environmental media. More s p e c i f i c a l l y , this
assessment f o cu s e s on the direct and indirect risks to humans f rom contamination that is present
in soils in current residential and commercial (non-smelter) areas of the site. T h i s is referred to as
the "Off Smel t er F a c i l i t y Operable Unit". The potential human health risks from exposure to
other p o t e n t i a l l y contaminated environmental media (e.g., surface water, groundwater) will be
inves t igated and evaluated as a separate operable unit.
The results of this baseline risk assessment are intended to h e lp inform risk managers and the
pub l i c about the level of health risk which is attributable to contamination in site s o i l s , to h e lp
determine the need for remedial action at the site, and to provide a basis for determining the l eve l s
of chemicals that can remain in site soils and s t i l l be adequately protective of public health
(USEPA 1989).
The methods used to evaluate risks to humans and the environment employed in this assessment
are consistent with current guide l ine s provided by the U S E P A for use at S u p e r f u n d sites (USEPA
1 9 8 9 , 1 9 9 1 a , 1991b, 1991c, 1992a, 1992b, 1993a).
1.4 ORGANIZATION OF THIS D O C U M E N T
In a d d i t i o n to this introduction, this report is organized into the f o l l o w i n g sections:
Sect ion 2 T h i s section provides a summary of the available data on the levels of smelter-

related chemicals (metals) in site soils, and i d e n t i f i e s which of these chemicals are
of potential health concern to area residents.

Sect ion 3 T h i s section discusses how residents and other p e o p l e (workers, children at schools
or p l a y g r o u n d s ) may be exposed to s i t e-related chemicals , now or in the fu tur e , and
i d e n t i f i e s exposure scenarios that are considered to be of potential concern.

S e c t i o n 4 T h i s section assesses the level of exposure and risk to humans from arsenic in site
soils. Thi s includes 1) a descript ion of methods used to quanti fy exposure to
arsenic, 2) data on the tox ic i ty of arsenic to humans, 3) calculation of the level of
noncancer and cancer risk that may occur as a result of exposure to arsenic in site
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soi l s , and 4) a discuss ion of the uncertainties which l imit c on f id enc e in the
assessment.

Section 5 T h i s section assesses the level of exposure and risk to area residents from lead in
site soils. Thi s inc ludes 1) a de s cr ip t ion of the toxic e f f e c t s of lead, 2) a summary
of the method used by USEPA to evaluate risks from lead, 3) a summary of the
estimated risks at this site attributable to lead in site so i l s , and 4) a discussion of
the uncertainties which l imit conf idence in the assessment.

Section 6 T h i s section provides f u l l citations for U S E P A guidance documents, s i t e- spec i f i c
studies, and s c i en t i f i c publ icat ions referenced in the risk assessment.
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S E C T I O N 2
S U M M A R Y OF SITE DATA AND

S E L E C T I O N OF C H E M I C A L S OF POTENTIAL CONCERN

Data on the level of arsenic, lead, and other metals which might have been released from area
smelters into site so i l s have been co l l e c t ed in a phased series of invest igations. Each of these
phases is described below, along with a summary of the key data collected during each phase.
2 . 1 P H A S E I / P H A S E I I GRAB S A M P L E I N V E S T I G A T I O N
Residential S o i l S a m p l e s
Once investigations at the nearby Globe site began to suggest that elevated levels of arsenic
and/or lead might exist in soi l s at residential proper t i e s within the area of the VBI70 site, C D P H E
requested assistance from U S E P A Region VIII in characterizing the nature and extent of the
contamination. In response, U S E P A Region VIII undertook a study designed to i d e n t i f y
properties that had levels of arsenic or lead that were s u f f i c i e n t l y high that time-critical action
(soil removal and rep lac ement) might be warranted. The action l eve l s selected for time-critical
soil removal were 450 parts per mi l l ion ( p p m ) for arsenic and 2,000 ppm for lead (USEPA
1998a).
Detail s of the study are presented in UOS (1998a, 1998b). In b r i e f , grab sample s of surface soil
and subsurface soil were collected f rom 1390 residential propert ie s in the area of potential
concern. Most of these sample s were co l l e c t ed during the initial round of sampl ing (referred to as
Phase I), with the remainder being obtained in a subsequent sampling e f f o r t (Phase II). In the
major i ty of cases, two surface sample s and one subsurface sample were co l l e c t ed per prop er ty ,
with addi t ional surface samples at some locations (depend ing on the size of the property). All
samples were analyzed for arsenic, l ead, cadmium and zinc using X-ray f luore s c ence (XRF).
The results for arsenic in surface soil are summarized in Figure 2-1 (upper panel). As seen, a
major i ty of propertie s sampled (927 out of 1390) had maximum arsenic values that were below
the limit of detec t ion (average de tec t ion limit =53 ppm). However, arsenic was detec ted in one
or more surface soil samples at a number of propert ie s , with 40 of these propertie s having one or
more sample s above 450 ppm. Arsenic concentrations in subsurface samples were genera l ly
somewhat lower than the concentrations in surface soi l , with an average ratio of subsurface to
surface soil of about 0.8.
For lead (lower panel), most proper t i e s (1153 out of 1390) had maximum concentration values in
surface soil that were below 400 ppm, but 238 propert i e s had one or more values above 400 ppm.
Of these, 6 propert i e s hd one or more lead values above 2,000 ppm. Lead l eve l s in subsurface soil
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tended to be lower than in surface soil, with an average ratio of subsurface to surface soil of about
0.7.
Any property with one or more arsenic values above 450 ppm and/or one or more lead values
above 2,000 ppm were i d e n t i f i e d as candidat e s for soil removal, p end ing ver i f i ca t ion by co l l e c t i on
and analysis of composite soil samples (see below).
2 . 2 P H A S E I I C O N F I R M A T O R Y S A M P L I N G A N D S O I L REMOVAL
In order to h e l p confirm the ident i ty of propert ie s which warranted time-critical soil removal
actions, U S E P A co l l e c t ed two or more composi te sample s (each consi s t ing of f i v e sub-samples)
of surface soil from residential properties where one or more grab samples were above the
removal level for arsenic.
Based on the results of this composite sampl ing program, a total of 21 residences were i d e n t i f i e d
where one or more composi te s confirmed that arsenic l eve l s were above the action level. Of
these, 18 underwent soil removal and replacement in the f a l l of 1998, while the owners of the
other three propertie s refused permission for the removal. No propert i e s were i d e n t i f i e d where
lead l ev e l s in composi te soil samples were high enough to warrant a time-critical soil removal
action.
2 . 3 R I S K - B A S E D S A M P L I N G PROGRAM
F o l l o w i n g comple t ion of the Phase I / P h a s e II sampl ing programs, U S E P A undertook a number of
a d d i t i o n a l s tudie s in order to prov ide in format i on that would h e l p support long-term risk-based
decision making at the site. One of these studies, referred to as the Risk-Based S a m p l i n g
Program, co l l e c t ed more detai led data on metal contamination and exposure at the 18 propert ie s
that had been i d e n t i f i e d as requiring time-critical soil removal. Key elements of the program
included: 1) detai led soil sampling to reveal the spatial pattern of contamination at some of the
impacted p r o p e r t i e s ; 2) measurement of arsenic and lead level s in several d i f f e r e n t environmental
media, inc lud ing indoor dust, attic dust, and garden vegetables (arsenic and l ead), as well as paint
and tap water (lead only); and 3) measurement of lead and arsenic levels in residents at those
locations. The d e ta i l s of the study design are presented in U S E P A (1998b), and the results are
d e t a i l e d in USEPA (1999a). The main f i n d i n g s of this program are summarized below.
2.3.1 S p a t i a l Pat t erns of Contaminat ion
One of the striking f i n d i n g s that emerged from the Phase I / P h a s e II sampling programs was that
proper t i e s that were impacted by arsenic did not appear to occur in a clear spatial pattern. That is,
the occurrence of high arsenic levels in soil did not appear to be associated with proximity to one
or more of the smelters, and properties with elevated levels of arsenic o f t e n occurred immediately
a d j a c e n t to one or more residences that were not a p p a r e n t l y impacted.
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In order to obtain addi t ional information on the spat ial pattern of contamination both within and
between yards, USEPA selected eight properties to undergo detailed soil sampling. Five of the
yards were locations where Phase I / P h a s e II sampling indicated the arsenic concentrations were
above the removal level, while three of the proper t i e s had arsenic concentrations below the
removal level.
At each proper ty , a high-density grid was established on 5- foo t centers, and soil samples were
collected wherever the grid node did not f a l l on a driveway, patio, etc. In addition, whenever
access could be obtained, the sampling grid was extended 10-15 f e e t into adjacent properties in
order to determine if there was a clear d i f f e r e n c e in contamination level s between adjacent
propert ie s . All samples were analyzed by XRF for arsenic, lead, cadmium, and zinc.
Diagrams which show the results for all four metals at all eight proper t i e s are presented in
U S E P A (1999a). Diagrams from this report that show the spatial patterns of arsenic and lead at
two propert ie s with high levels of arsenic contamination are shown in Figure s 2-2 and 2-3. In
both cases, arsenic level s vary from location to location, but are elevated across most of the yard.
At proper ty 1 (Figure 2-2), there is a f a i r l y clear boundary between the property of concern and
the adjacent properties . A similar pattern is observed at property 2 (Figure 2-3), although there
are some locations where the contamination may extend somewhat into the adjacent property.
The pattern of lead contaminations at these propert i e s also showed a similar boundary e f f e c t . No
clear boundary e f f e c t was observed for cadmium or zinc.
2.3.2 Contaminant Levels in Other Environmental Media
S a m p l e s of other environmental media were obtained at each removal proper ty where access was
granted. The results are summarized below.
Indoor Dust
Dust f rom interior l iving spaces were collected at 15 proper t i e s , while attic dust was co l l e c t ed at 9
properties . Summary statistics are presented below.

Medium

I n t e r i o r dust ( p p m )
A t t i c dust ( p p m )

Arsenic
Detection

Frequency
14/15

7/9

Mean
( p p m )

107
230

Max
( p p m )

172
499

Lead
Detection

Frequency
1 5 / 1 5

9/9

Mean
( p p m )

243
1414

Max
( p p m )

1145
4106

Correlation analysis revealed no s igni f i cant association (p > 0.50) between the concentration of
either arsenic or lead in interior dust compared to that in outdoor soil (based on the mean of the
two f ive-point composites that were collected in Phase II). Although this data set is too small to
draw d e f i n i t e conclusions, the result s suggest that outdoor soil is not a major determinant of
arsenic or lead l eve l s in indoor dust.
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Tap Water
Twelve propert ie s allowed sampling and analysis of tap water for lead. Two types of water
sample were co l l e c t ed: f i r s t f l u s h and po s t- f lu sh . Summary statistics are presented below.

Medium
F i r s t - f l u s h tap water
Post f l u s h tap water

Lead
Detect. Freq.

5 / 1 2
3 / 1 2

Mean ( u g / L )
3.2
2.5

Max ( u g / L )
11.4
6.0

All of these values are below the current U S E P A action level for lead in drinking water (15 u g / L ) ,
and are s u f f i c i e n t l y low that tap water is not l ike ly to be a s ign i f i can t source of exposure, at least
in the 12 homes sampled.
Paint
Sixteen properties authorized analysis of lead levels in paint. Concentrations were measured by
XRF at m u l t i p l e locations on both interior and exterior surfaces. The mean value in all interior
samples was 4.2 mg/cm 2, with a range of 0.3 to 19.0 mg/cm2. For exterior samples , the mean was
4.8 mg/cm 2, with a range of 0.4 to 14 mg/cm2. A total of 130 out of 144 samples had values
above 1 mg/cm 2, the national d e f a u l t screening level for leaded paint (HUD 1995). Thes e data .
suggest that interior and/or exterior leaded paint might be a source of lead exposure in area
children, either direc t ly (by paint chip ingestion), or indirec t ly (by ingestion of dust or soil
containing paint chips).
Garden Vegetables
Only one of the 18 propertie s scheduled for soil removal had a vegetable garden. At this location,
one sample of po ta t o and one sample of mint were co l l e c t ed . Concentrations of arsenic and lead
were below the level of detection in both samples. Because so few samples were obtained, no
conclusions can be drawn from this data set.
2.3.3 Biomonitoring
A total of 15 individual s residing at 6 of the properties scheduled for soil removal volunteered to
have samples of hair, urine and blood analyzed for arsenic or lead. The results are summarized
below. For convenience, a reference value indicating the upper end of the normal range is also
presented.

Parameter
Detect. Frequency
Mean
Max
Reference value

As in hair ( u g / g )
1 / 1 5
0.27
0.66
1.0

As in Urine ( u g / L )
0 / 1 5
8.7
10
20

Pb in Blood ( u g / d L )
1 4 / 1 5
2.17

4
JO



I- PUBLIC REVIEW DRAFT

As seen, there were no cases where ind iv idua l s l iving at the proper t i e s scheduled for soil removal
had arsenic or lead level s that entered a range of concern. Although this data set is too small to
draw f irm conclusions, the result s suggest that exposures at these locations were not of immediate
health concern.
2 . 4 P H Y S I C A L - C H E M I C A L C H A R A C T E R I Z A T I O N S T U D Y
In add i t i on to the Risk-Based S a m p l i n g Program described above, U S E P A also undertook a study
to characterize the physical and chemical attributes of the metal contamination in residential site
so i l s , and to determine whether concentration estimates based on bulk (unsieved) soil samples
were representative of concentrations in f i n e (sieved) samples. The design of this pro j e c t is
presented in U S E P A (1998c), and the results are detai led in U S E P A (1998d). The main f i n d i n g s
are summarized below.
2.4.1 Concentration in Sieved and Un-Sieved F i n e Soi l S a m p l e s
As discussed in greater detai l in S e c t i o n 3, the main pathway by which humans are l i k e l y to be
exposed to contaminants in soil is by incidental ingestion of soil par t i c l e s adhering to the hand.
Although data are l imi t ed , it is general ly expected that small soil par t i c l e s are more l ik e ly to
adhere to the hands than coarse part i c l e s , and it is for this reason that U S E P A Region VIII
recommends that measurements of contaminant concentrations in soil g enera l ly be per formed on
samples that have been sieved to isolate the smaller part i c l e s (< 250 um). T h i s sieved frac t ion is
generally referred to as the "fine" fraction. Soi l that has not been f ine sieved but only coarse
sieved (to remove p a r t i c l e s larger than 10 mm) is referred to as the "bulk" sample. S t u d i e s at
other sites have shown that concentrations of metals in the f ine fract ion can sometimes be
somewhat higher (e.g, 10-30%) than in the bulk sample.
Because all of the sample s c o l l e c t e d during Phase I and Phase II were bulk sampl e s , an
investigation was per formed to determine if the concentration values obtained for the bulk
samples were l ike ly to have values s i gn i f i can t ly d i f f e r e n t than if the samples had been sieved. A
total of 120 sample s were selected for the comparison, being sure to inc lude samples with a wide
range of arsenic and lead concentrations. All analyses were performed by X R F .
The results are shown in Figure 2-4. For lead, cadmium, and zinc, the concentration measured in
the f i n e f rac t i on is, on average, very nearly equal to that in the bulk frac t ion, with the data ly ing
very close to the line of identity. For arsenic, there is a tendency for the concentration values in
the f i n e f rac t i on to be somewhat higher than in the bulk f ra c t i on , with an average d i f f e r e n c e of
about 20%.
2.4.2 S p e c i a t i o n of Arsenic and Lead
Most metals, in c lud ing arsenic and l ead, can occur in a variety of d i f f e r e n t chemical and phys i ca l
forms. These d i f f e r e n c e s are of potential s igni f i cance not only because they may help i d e n t i f y the
source of contamination, but also because the tox i c i ty of the metals may d i f f e r between d i f f e r e n t
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chemical forms. There fore , U S E P A undertook a study to obtain preliminary data on the chemical
forms of arsenic and lead present in site soils.
The detai l s of the sample selection, preparation and analysis are presented in U S E P A (1999c). In
brief , a set of 22 site soils were chosen for analysis, spanning a range of arsenic and lead
concentration values. Each sample was analyzed by electron microprobe analysis (EMPA), and
the number and size of d i f f e r e n t chemical forms ("phases") of arsenic and lead-bearing part ic l e s
were measured. From these data, the fract ion of the total mass of arsenic and lead present in each
phase was calculated.
The results are shown in Figure s 2-5 and 2-6. As seen, arsenic occurs mainly as arsenic trioxide,
with a smaller f rac t i on present as arsenic antimony oxide. In most samples , the major i ty of all
arsenic-bearing part ic l e s are 5-50 um in diameter. Lead occurs in several phases, with the highest
amount present as lead arsenic oxide. Other lead phases present include lead manganese oxide
and lead pho spha t e , but these f orms do not appear to increase as a funct ion of total lead
concentration, suggest ing that these phases may be mainly natural in origin. In most samples, the
major i ty of lead-bearing part ic le s are 5-100 um in diameter.

2.5 S E L E C T I O N OF C H E M I C A L S OF POTENTIAL C O N C E R N
Chemicals of potential concern (COPCs) are chemicals which a) are present at a site, b) occur at
concentrations which are or might be of health concern to exposed humans, and c) are or might be
due to releases from a S u p e r f u n d site. U S E P A has derived a standard method for selecting
COPCs at a site, as detailed in Risk Assessment Guidance for Superfund: Human Health
Evaluation Manual (Part A) ( U S E P A 1989). In br i e f , U S E P A assumes that any chemical
detected at a site is a candidate for selection as a COPC, but i d e n t i f i e s a number of methods that
may be used for determining when a chemical is not of concern and may be eliminated from
further consideration. Each risk assessment may choose to a p p l y some or all of the methods
i d e n t i f i e d by U S E P A to select COPCs, as appropriate.
Data collected during Phase I and Phase II c l early indicated that arsenic and lead were both
chemicals of potential concern at the VBI70 site. However, at that time no systematic evaluation
had been per formed to determine whether or not any other chemicals might also be of po t ent ia l
concern. For this reason, a careful review of the available data was undertaken to determine if
other chemicals should be added to the list ( U S E P A 1999b). T h i s review is summarized below.
2.5.1 Data Used to Selec t COPCs
As discussed above, most soil samples co l lec ted from the site were analyzed by XRF for only a
few contaminants (mainly arsenic and lead). However, a sub-set of samples were analyzed for the
f u l l suite of 23 metals included on USEPA's Target Analyte List (TAL), and these data are the
basis of the COPC selection procedure. The data consist of two sub-sets:
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• During Phase I, a total of 44 samples of soil were selected at random for TAL analysis.
The chief purpose of the analysis was to assess the accuracy of the XRF measurements for
arsenic and lead. Because these samples were selected a priori and without regard to the
level of contamination, there are only 9 of these samples that contain concentrations of
arsenic above 100 ppm, with the maximum value being 1,200 ppm. Thus, these sample s
are h e l p f u l in the COPC selection procedure, but may not necessarily represent the
chemicals of concern at the most contaminated properties.

• During the Risk-Based S a m p l i n g Program, U S E P A performed an intensive study of
arsenic and lead levels at 8 residential properties in the study area, including 5 properties
with clearly elevated arsenic levels. Two sample s f rom each of these f iv e proper t i e s were
selec ted for TAL analysis, since these sample s all contain high l ev e l s of arsenic (6,000 to
12,000 ppm) and are l ik e ly to r e f l e c t the contaminants most l ike ly to be of concern.

T h e s e data are summarized in T a b l e 2-1. In the case of copper, there is one sample whose
analytical value (14,000 ppm) appears to be clearly inconsistent with all of the other 53 values
(average = 37 ppm, max = 71 ppm). On this basis, the one extreme value for copper was excluded
as an outlier, and screening was based on the remaining samples. All other data values were used.
N o n - d e t e c t s were evaluated using the reported de t e c t ion l imit .

2.5.2 COPC S e l e c t i o n Process
Step I: Eliminate Chemicals Whose Maximum Value Is Below a Level of Concern
T h i s s t ep involves comparing the maximum detected value in a medium to an appropr ia t e Risk-
Based Concentration (RBC). If the maximum value is less than the RBC, the chemical does not
pose an unacceptable risk and can be eliminated.
The RBCs used in this evaluation were taken from USEPA's Region III Risk-Based
Concentration (RBC) table for residential soil (EPA 1999c). The value of each RBC depends on
the s p e c i f i e d Targe t Risk level. In accord with the goal that the COPC selection process should
be conservative, the Target Risk level s used in this evaluation are IE-06 for carcinogenic
chemicals and a hazard quotient (HQ) of 1.0 for noncarcinogenic chemicals.
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T a b l e 2-2 l i s t s the Region III RBCs for each chemical and i d e n t i f i e s those which can and cannot
_ be eliminated at this step. Based on this screening step, the f o l l o w i n g chemicals were eliminated:

Aluminum • Manganese
Barium • Mercury
Beryllium • Nickel
Cadmium • Selenium
Chromium • S i l v e r
Cobalt • Vanadium
Copper • Zinc

Step 2. Eliminate Beneficial Minerals
In accord with U S E P A (1989), chemicals that are normal constituents of the body and the diet and
are required for good heal th may be el iminated unless there is evidence that s i t e - s p e c i f i c releases
have elevated concentrations into a range where intakes would be p o t e n t i a l l y toxic. At this site,
there is no reason to suspect this is the case, so the f o l l o w i n g chemicals are eliminated on this
basis:

• Calc ium
• Magnesium
• Potassium
• Sodium

I r o n is also eliminated on this basis, since the average concentration of iron (13,400 ppm) is well
below the screening level of 23,000 ppm. A d d i t i o n a l l y , only 1 of 54 samples exceeds the RBC
for iron, and this only by a small amount (26,000 vs. 23,000 ppm).
Step 3. Eliminate Chemicals Whose Contribution is Minor Compared to Others
F o l l o w i n g S t e p s 1 and 2, the list of chemicals remaining as potential COPCs is:

• Arsenic
• Antimony
• Lead
• T h a l l i u m

Antimony (a non-carcinogenic chemical) may be e l iminated because the magnitude of the non-
cancer risk which it poses is very small compared to that posed by arsenic. For example, in the 10
samples most contaminated with arsenic, the average non-cancer risk contributed by antimony is
less than 1% of that contributed by arsenic. That is, if antimony were retained and the non-cancer
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risk were quant i f i ed , the risk would be less than 1% larger than if antimony were not included.
Because an increment of 1% is well within the uncertainty range of the risk assessment procedure,
inclusion of antimony would not change any risk interpretations and therefore is j u d g e d to be
unnecessary.
Step 4. Special Investigation for Thallium
Data on thall ium available from the existing TAL analyses are internally inconsistent, as shown
below:

Parameter
Method
Mean (ppm)
Max (ppm)
Detection Limit (ppm)

Data Set 1
I C P - T r a c e

13.5
19
10

Data Set 2
I C P - M S

0.45
0.68
0.1

The basis for this internal inconsistency is not clear. One p o s s i b i l i t y is that d i f f e r e n c e s in
analytical methods are responsible. Data in Set 1 (col lec ted during Phase I) utilized an analytical
method (ICP-Trace , U S E P A Method 6010) that had a relat ively high detection limit, and most of
the reported values were near that detection l imit . In the second data set, thallium was analyzed
by U S E P A Method 6020 (ICP-MS), which has a much lower detection limit for thallium. In
general, the results of the second analysis are thought to be more reliable, and are in accord with
expected thallium levels in background soils. However, because it is not certain that the results
from the second analysis are actually more rel iable than from the f i r s t , a special study was
performed in which thall ium levels were measured in 10 site soils, including 6 samples from Set 1
(previously analyzed by ICP-trace) and 4 samples from Set 2 (previously analyzed by ICP-MS).
Each of the sample s were analyzed for thal l ium by three analytical methods:

• I n d u c t i v e l y Coupled Plasma Atomic Emission Spec tro s copy [ICP-trace]
(EPA SW-846 Method 601 OB)

• Induc t ive ly Coupled Plasma-Mass Spectrometry [ICP-MS]
(EPA SW-846 Method 6020)

• Graphite Furnace Atomic Absorption Spec t ro s c opy [GFAA]
(EPA SW-846 Method 7841)

The results of this analysis are provided in T a b l e 2-3. A comparison of thallium level s in site
soils as reported in past and present studies clearly indicate that results contained in the Phase I
Invest igat ion report (UOS 1998a) are biased high and are not reliable, with all of the 10 present
site soil measurements having thallium values below 1 ppm. Based on the Region III (EPA
1999c) risk-based concentration for thal l ium in soil (5 p p m ) , it is concluded that thal l ium is not in
a range of potential concern, and therefore it was e l iminated as a COPC.
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2.5.3 Summary: Chemicals Se l e c t ed as COPCs at VBI70
Based on the methods and data detailed above, the COPCs selected for quantitative evaluation at
the VBI70 site are arsenic and lead. All other chemicals are either not of concern or are present at
levels which contribute minimal risk compared to arsenic.
2 . 6 P H A S E I I I I N V E S T I G A T I O N
Results from the Phase I / P h a s e II sampling programs, supplemented with the data and f i n d i n g s
f rom the Risk-Based Sampl ing Program and the Physical Chemical Characterization Program,
indicated that there are proper t i e s present in the VBI70 site where arsenic and/or lead could be in
a range of health concern to exposed humans. However, because of the absence of any clear
spatial pattern of soil contamination, the identi ty and location of such propert ie s can not be
reliably predicted using traditional approaches. For this reason, U S E P A undertook a large-scale
sampl ing program designed to obtain data that would he lp evaluate health risks to residents in the
area. T h i s program is referred to as the Phase III investigation. The investigation consisted of
four main parts:

• S a m p l i n g of residential yard soils
• S a m p l i n g of indoor dust at residences
• S a m p l i n g of residential vegetable gardens (vegetables and so i l)
• S u p p l e m e n t a l sampling of soil at local schools and parks

The de ta i l s of the Phase III sampl ing program are presented in U S E P A (1999d).
Phase III was implemented in two parts. The f i r s t part, referred to as Phase Ilia, focused mainly
on propertie s (including residences, schools, and parks) which had not been investigated in Phases
I or II. The second part, referred to as Phase Illb, consisted of re-sampling at proper t i e s that had
previously been sampled in Phase I or II, but for which the data were j u d g e d to be too limited to
support clear risk-management decision making.
At the time of the preparation of this public review d r a f t , the results f r om the Phase Ilia e f f o r t are
available, but the results from the Phase Illb e f f o r t are not yet complete. The Phase Ilia results
are summarized below.
2.6.1 Residential Soi l S a m p l i n g
A total of 30 surface soil (0-2 inch) grab samples were col lec ted from each property where access
was granted. These 30 samples were combined into three composites samples, each containing 10
grab samples. The composites were prepared by combining every third grab sample, such that
each composi te represents an independent estimate of the yard-wide mean concentration. All
composite samples were dried and thoroughly mixed, and then analyzed for arsenic and lead by
X R F .
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The total number of properties targeted in Phase Ilia was about 2,600. Of these, a total of 1,637

_ granted U S E P A authority to col lect samples , and samples were s u c c e s s f u l l y col lec ted at a total of
1,548 properties. Summary statistics, based on average values at each property and s tra t i f i ed by
neighborhood, are summarized in T a b l e 2-4. The distributions of arsenic and lead concentrations

*~ across the entire site are shown graphi ca l ly in Figure 2-7.
For arsenic, most propertie s (1,270 out of 1,548) have average concentrations of 50 ppm or less,

-- with 126 proper t i e s between 50-100 ppm, 106 between 100-200 ppm, and 46 above 200 ppm.
For lead, 1389 propertie s have mean lead concentrations lower than 400 ppm, with 153 between

r 400-800 ppm and 6 higher than 800 ppm.
The relat ionship between the concentration of lead and arsenic in residential yard soil sample s is

">" shown in F i g u r e 2-8. As seen, there is a s ta t i s t i ca l ly s ignif icant correlation (p < 0.001) between
lead and arsenic, but this high correlation is largely the result of the large number of samples (N =

___ 5721), and the correlation explains only a small amount of the variability (R2 = 0.095). I n s p e c t i o n
' of the f igure indicates that samples with high lead values (e.g., those above 500 p p m ) occur over a

wide range of arsenic values, and are not associated predominantly with those where arsenic is
._, also clearly elevated (e.g., above 100 ppm). T h i s indicates that the main sources of lead and the

main sources of arsenic in yard soil are not l ike ly to be the same.
— 2.6.2 Resident ia l Dust S a m p l i n g

As discussed in greater detail in Section 3, one pathway by which residents may be exposed to
T contaminants in soil is by transport of outdoor soil into the house where it combines with other

sources to form house dust. When data are absent, U S E P A o f t en assumes that the concentration
of contaminants in house dust is the same as in yard soil. However, studies at other sites have
shown that dust l evel s of metals are o f t e n lower in indoor dust than in outdoor soil. T h e r e f o r e ,
U S E P A undertook a study to de f ine the relationship between arsenic and lead levels in soil and
dust at this site. The detai l s of the sampling and analysis plan are presented in the Phase III
Project Plan (USEPA 1999d). In brie f , a total of 76 propertie s were selected for study. Thes e
propert i e s were chosen to provide for a range of arsenic and lead levels in soil, and to provide for
spat ial representativeness across the site. S a m p l e s were co l l e c t ed in October and November,
1999.
The result s are shown in Figure 2-9. In the case of lead, two dust samples were excluded as
outliers because they contained lead at concentration values (2,000 ppm and 9,900 p p m ) that were
much higher than that observed in yard soil (268 ppm and 320 ppm, respectively). The source of
the high dust lead at these two locations is not known, but could be associated with leaded paint.
As seen, there is only a weak correlation between the level of either arsenic or lead in paired soil
and dust sample s (R2 = 0.14 to 0.18, re spec t ive ly). Never the l e s s , the s lope s of both regression
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lines are s t a t i s t i c a l l y d i f f e r e n t f r om zero (p < 0.01), with best estimate parameter values as
f o l l o w s :r-

Arsenic: C d u s t = 0.06-C^, + 11
Lead: C d u s l = 0.34-0^,+150

2.6.3 Residential Garden S a m p l i n g
Another pathway by which residents might be exposed to soil-related contaminants is ingestion of
vegetables grown in home gardens that contain contaminated soil. In order to obtain s i t e- spec i f i c
data on this potential exposure route, U S E P A collected 72 samples of d i f f e r e n t type s of garden
vegetables from 19 d i f f e r e n t propert ie s around the site. The detai l ed data are presented in
A p p e n d i x A. The mean concentrations of arsenic and lead were 0.044 and 0.15 ug/g wet weight,
respectively. There was no apparent d i f f e r e n c e in concentration as a function of vegetable type
(exposed, protected, root).
At each location where a vegetable sample was c o l l e c t ed , a co-located sample of garden soil was
also col lected. The results for these garden soil samples are also presented in A p p e n d i x A . For
arsenic, the concentrations in garden soil s were general ly lower than in the corresponding yard
soils, with no s igni f i cant relationship between the two ( F i g u r e 2-10, upper panel). For lead,
garden soil s also tended to be lower than for yard soils, but there was a weak correlation between
the two (Figure 2-10, lower panel). T h e s e data suggest that garden soils are not equivalent to yard
soils, presumably because most gardens are amended by addi t ion of soil, peat, f e r t i l i z er , etc. The
weak correlation for lead suggests that the base soil in the garden may tend to come from the yard,
but the absence of a correlation for arsenic suggests that whatever the source is for yard soil does
not a p p l y to garden soil.
The re lat ionships between the concentration of arsenic and lead in garden vegetables and in the
co-located garden soil are shown graphical ly in Figure 2-11. As seen, there is very l i t t l e tendency
for the concentration of either lead or arsenic in garden vegetables to increase as a function of the
concentration of in garden soil, although there is a s l ight (and s ta t i s t i ca l ly s i g n i f i c a n t ) trend for
arsenic (s lope = 0.002 m g / k g ww per m g / k g in soil). The s lope for lead is very close to zero and
is not s t a t i s t i c a l l y s igni f i cant .
2.6.4 S a m p l i n g at Schoo l s and Parks
As noted above, data on the l evel s of arsenic and lead in surface soil were collected at a number of
schools and parks during the Phase I investigation. However, in most cases only a few samples
were collected from each location, and not all schools and parks were sampled. There fore , the
Phase III S a m p l i n g and Analysi s Plan included collection of 15-30 supplemental surface soil grab
samples f rom each school and park within the site (the number d ep end ing on the size of the
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property). In Phase 3a, samples were collected from 10 schools and one park. The results are
shown in T a b l e 2-5. The remainder of all schools and parks will be samples in Phase 3b.
As seen, for the locations sampled during Phase 3 a, concentrations of arsenic are generally low,
with average values ranging from 11-15 ppm, and maximum values less than 30 ppm. An
exception to this pattern occurred at one proper ty owned by a school (location code SI2). At this
location, two values s i g n i f i c a n t l y higher than expected were detected (1517 ppm and 70 ppm) 1 .
These values occur adjacent to each other, and are surrounded by values of 17-23 ppm. T h i s
sugges t s there might be a small "hot spot" at thi s location. Because no chi ldren are pre s ent ly
exposed at this location, this is not a source of immediate concern. However, U S E P A plans to
invest igate this location further and take action as appropria t e .
2 . 7 D A T A S E L E C T E D F O R U S E I N T H I S R I S K A S S E S S M E N T
The data from the Phase III sampl ing program were selected for use in this risk assessment
because 1) all Phase III data were collected in accordance with projec t plans that were developed
with careful consideration of the Data Quality Objec t ive s (DQOs) needed to support risk
assessment calculations, and 2) all data collected during Phase III are accompanied by thorough
Quali ty Assurance (QA) data that a l l ow de tai l ed evaluation of the r e l i ab i l i ty of the data.
A d e t a i l e d review of these quality assurance data (USEPA 2000a) reveal that the data c o l l e c t ed
are of high quality, with adequate accuracy and precision to support a reliable evaluation of
human health risk.
Data co l l e c t ed during Phase I / P h a s e II were not used because they were co l l e c t ed only with the
intent of i d e n t i f y i n g locations that exceeded the removal action levels, and were not intended to
support risk calculat ions or remedial decision making. More s p e c i f i c a l l y , data f r om Phase I / P h a s e
II were not used because 1) many samples had elevated detection limits for arsenic, 2) the
sampl ing dens i ty at each proper ty was too low, and/or 3) sampl ing locations were not clear.
However, de sp i t e these limitations, it is clear that the data from Phase I / P h a s e II and from Phase
III are g enera l ly s imilar, each ind i ca t ing the occurrence of scattered propert i e s with elevated
levels of lead and/or arsenic. The U S E P A is currently using the Phase III sampl ing and analysis
plan to co l l e c t addi t i onal samples from proper t i e s or ig inal ly sampled during Phase I / P h a s e II so
that reliable decisions regarding the need for remediation at these propert ie s can be made.

1 T h e s e two sample s were re-analyzed in t r i p l i c a t e to conf irm the data. The mean values for the re-
analyzed sample s were 978 ppm and 114 ppm, re spec t ive ly.
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A n a l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
B E R Y L L I U M
C A D M I U M
C H R O M I U M
COBALT
C O P P E R ( a )
L E A D
M A N G A N E S E
M E R C U R Y
N I C K E L
S E L E N I U M
S I L V E R
T H A L L I U M
V A N A D I U M
Z I N C
C A L C I U M
I R O N
M A G N E S I U M
P O T A S S I U M
S O D I U M

N
54
54
54
54
54
54
54
54
53
54
54
54
54
54
54
54
54
54
54
54
54
54
54

D e t e c t i o n
F r e q u e n c y

100%
22%
93%
100%
98%
100%
100%
98%
100%
100%
100%
93%

100%
19%
69%
89%
100%
100%
100%
100%
100%
100%

5%

S u m m a r y S t a t i s t i c s
M i n

4900
2.2

5
91
0.3
0.9
7.2
1.0
12
36

160
0.1
5.9
0.3
0.3
0.2
13
84

1900
7900
1400
1400
300

M a x
15000

54
9940
1000

1.1
19
99
7.0
71

3550
560
11
96
10
3

19
42

3680
41000
26000
4100
4100
440

M e a n
8761
6.8
543
251
0.7
5.9
22
4.6
37

712
323
1.0
11
9

0.7
11
21

499
6757
13405
2400
2350
304

r

(a) E x c l u d e s one value (14,000 p p m ) that i s c ons idered a n o m a l o u s

L a b T A L . x l s



T A B L E 2 - 2 C O M P A R I S O N O F M A X I M U M V A L U E S I N S O I L
T O S O I L S C R E E N I N G L E V E L S ( a )

A n a l y t e
A L U M I N U M
ANTiWJ 0 NY-::-*;.: ;«:. K*: ;;:;;•;;;: ;.;• ' A : i > i i ' t ^ K i i ^ : : ^ ? ^ i ^ ' H S i - i ' M ; ; H - ; : ; i ; : ; - H - - ;f\TV3 fclNI lfeg.4 :ggs ;;;j- ;;;;; J-i ;; ;; ;:;|X|
B A R I U M
B E R Y L L I U M
C A D M I U M
C A L C I U M
C H R O M I U M
C O B A L T
C O P P E R ( a )

M A G N E S I U M
M A N G A N E S E
M E R C U R Y
N I C K E L
P O T A S S I U M
S E L E N I U M
S I L V E R
S O D I U MT H A ^ U J M B i l l i l i l i ; .
V A N A D I U M
Z I N C

Maximum
Cone ( p p m )

15000

10001.1
19

41000
99
7.0
71

4100
560
11
96

4100
10
3

440
42

3680

Region I I I
S o i l S c r e e n i n g

Level ( p p m )
78400

:,; •}. x a ;;sx : Q :^ ^-KiiisOTi;::-
5500
160
78
--

230
4700
3100

—
1600

23
1600

--
390
390
-xi^;i; l: s .5 ; i l l i l l

550
23000

Potent ia l
C O P C ?

no
? -mxxW;iJ£&X;W :>Xv* ; ; ; m ; ; ; i ; : ; : ; s K | s S w a : ; i ; - x ; - : : s : ; ; ; J K X :

no
no
no
no
no
no
noi i l l l l i i s 1 l l l l l ;

i l l i i i l i i l l l i
no
no
no
no
no
no
no
no
no
no

( a ) S o i l screening l e v e l s based o n U S E P A ( 1 9 9 9 a )

L a b T A L . x l s
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T A B L E 2 - 3 C O M P A R I S O N O F P A S T A N D P R E S E N T D A T A F O R T H A L L I U M I N S O I L

S a m p l e I D
C4690CYB-064
C4690CYB-046E
C 4 7 1 1 T H F - 0 0 1
C 4 7 7 1 V I N - 0 0 1
D 4 1 4 5 F I B 1 0
D 4 7 1 5 G Y F 1 0
D 4 0 5 0 F I B 1 0
D 4 7 0 1 J O S 1 0
D4780CBB10
D 4 7 8 5 C L F 1 0

T h a l l i u m Concentrat ion ( m g / k g )
Past Resu l t s

L I C P - M S
0.63
0.20
0.33
0.33

I C P - T

12
17
11
10 U
16
15

Present S t u d y
I C P - T

10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

I C P - M S
0.70
0.10
0.30
0.30
0.20 U
0.30
0.20
0.10 U
0.50
0.20

G F A A
0.50 U
0.50 U
0.50 U
0.50 U
0.50 U
0.50 U
0.50 U
0.50 U
0.80
0.50 U

U - Target analyte not detected

acculabResult s .x l s: T a b l e 2-3
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T A B L E 2 - 4 S U M M A R Y S T A T I S T I C S F O R P H A S E I l i a S O I L S A M P L E S
A R S E N I C
S t a t i s t i c
N
5th
25 th
50th
7 5 t h
90th
9 5 t h
M a x

C l a y t o n
644
5.5
5.5

10.3
40.5

109.7
175.9
609.6

C o l e
601
5.5
7.7

11.8
23.9
91.4

150.7
659.8

F i v e P o i n t s
14
5.5

10.3
16.4
21.9
28.4
39.7
59.2

G l o b e v i l l e
22
5.5
8.3

10.8
18.3
33.6
44.8
70.9

S w a n s e a / E l y r i a
267
5.5
5.5
9.0

23.9
93.1

140.3
430.6

A l l
1548
5.5
5.5

10.9
30.7
98.4

161.9
659.8

L E A D
S t a t i s t i c [ Clayton | C o l e | F i v e Poin t s
N
5th
25th
50th
7 5 t h
90th
9 5 t h
M a x

644
79

111
147
201
286
348

1131

601
135
216
284
367
452
515
1004

14
170
383
436
549
687
764
835

G l o b e v i l l e | S w a n s e a / E l y r i a
22

170
226
282
331
383
424
782

267
82

119
177
281
409
479
922

A l l
1548

87
135
204
309
402
475

1131

All values are based on the mean value observed at each p r o p e r t y

Phase 3 soil s t a t s . x l s



T A B L E 2 - 5 P H A S E I l i a S O I L D A T A F O R S C H O O L S A N D P A R K S
C a t e g o r y

S c h o o l

Park

P r o p e r t y C o d e
S 1
S 2
S3
S4
S 5
S6
S7
S8
S9

S 1 0
P1

N
30
30
30
15
30
15
30
30
30
30
30

A r s e n i c ( p p m )
Mean*

11
12
11
11
11
11
11
67
11
12
14

Max
12
19
11
13
11
11
12

1517
18
19
21

M i n
11
11
11
11
11
11
11
11
11
11
11

Lead ( p p m )
Mean

95
200
67
83
72
69
104
310
223
235
215

Max
164
628
126
102
255
95

245
1811
567
359
398

M i n
52
55
52
57
52
52
52
88
61

127
52

' M e a n arsenic concentration i s n o t a d j u s t e d

Phase 3 s chool s and p a r k s . x l s
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F I G U R E 2 - 2 S P A T I A L D I S T R I B U T I O N O F C O N T A M I N A N T S - - P R O P E R T Y 1

S u r f a c e S o i l - Arsen i c ( p p m )

•*** •i*i«•-g»S«:t»f -̂Si-*" +*g, '& 9 I © ^

I
J I L5_) A s ( < = 7 0 ) « A s ( 7 1 - 1 5 0 ) As (151-450) » As (451-1000) • As (>1000)

Scale is approximate

S u r f a c e S o i l - Lead ( p p m )

10

30

l R b ( < = 4 0 0 ) «Pb (401-1000) Pb (1001-1500) »Pb (1500-2000) • Pb (>2000)
Scale is approximate

P r o p e r t y M a p s . x l s



F I G U R E 2 - 3 S P A T I A L D I S T R I B U T I O N O F C O N T A M I N A N T S - - P R O P E R T Y 2

161 > »
14 f S 1
121

S u r f a c e S o i l - Arsenic ( p p m )
9 •^St*««* •

House
I ® ••§•*•
§••• ••§

ID
3

*•••» ••:)
**•••*«••• • •«••«•

0?}* $••
0 5 10 15 20 25

t

30
3 As (<=70) • As (71 -150) As (151 -450) » As (451 -1 OOP) • As (>1 OOP) |

Scale is approximate

Garage

Driveway

Garden

'J ':> J

• 3 ' ) »• ' D •
;;.
3

3 ;;)

41
3O

f f i

35 40

S u r f a c e S o i l - Lead ( p p m )
1̂a ' 3 i16

10 •• «••
311

J

«:
House ••*«•

•» •••

0 10 15 20 25

t

30 35

Garage

Driveway

Garden

. ' ,•=; . .} '• '<

-:-> J "'
•?) ©
9
i

•I*1 .J1

1

40
3 P b ( < = 4 0 0 ) «Pb (401-1000) Pb (1001-1500) * Pb (1500-2000) • Pb (>2000)

Scale is approximate

R : \ V B I 7 0 \ R i s k A s s e s s m e n t \ P r o p e r t y M a p s
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F I G U R E 2 - 4 C O M P A R I S O N O F C O N C E N T R A T I O N S I N B U L K A N D F I N E S O I L

y=1.1685x +35.697
R2 = 0.9226

4500
4000
3500

S 3000
E
o 2500

1500
1000

500
0

1000 1500 2000 2500 3000 3500
As in Bulk S a m p l e s [<2 mm] ( p p m )

Lead

y = 0.9567x + 55.559
R2 = 0.9594

500 1000 1500 2000 2500 3000 3500 4000 4500
Pb in Bulk S a m p l e s [<2 mm] ( p p m )

60

50
IX 40£

30

20
O

10

2500

Cadmium

= 1.1347x-0.0283
R2 = 0.8385

10 15 20 25 30
Cd in Bulk S a m p l e s [<2 mm] (ppm)

35 40

y = 0.9904X * 17.906
R2 = 0.96

500 1000 1500 2000
Zn in Bulk Sample s |<2 mm] (ppm)

2500

B u l k v s F i n e C o n f . x l s



F I G U R E 2 - 5 C H E M I C A L F O R M S O F A R S E N I C I N S I T E S O I L S

r3500

Total Arsenic
Concentration ( p p m )

2690 3̂

Phase

Asresult s .xl s
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4 OT\A

1000 -

of P
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5
| 400-

200-
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•: x :•

•• •'

25

A R S E N I C

N = 1.548 *

Max = 660

N.

75 125 175 225 275 325 375 425 475 525 575 625 675
Mean Concentra t i on o f Arsen i c (ppm)

350

ZJ2

300-

250-

200-

150-

100-

50

0
50

LEAD

N = 1,548

Max = 1131

150 250 350 450 550 650 750 850 950 1050 1150
Mean Concentration of Lead ( p p m )

Phase 3 soil s ta t s . x l s
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2500

y = 0.6338X + 208.2
R2 = 0.0945

0
0 100 200 300 400 500 600 700 800 900 1000

Arsenic Cone, ( p p m )

P l l l a A s v P b s o i l . x l s



r F I G U R E 2 - 9 R E L A T I O N B E T W E E N C O N C E N T R A T I O N S I N I N D O O R
D U S T A N D O U T D O O R S O I L

a. 500_a
w 400

300 -I
200
100

0

Q.a.
"to
0

700 i
600
500
400
300
200
100

0 c

Arsenic

, , - ' '
,.-•''

, , - - " '
. . -- '" ' y = 0.0577x + 1 1.179

. - - ' ' ' R 2 = 0.1414

/

- ' '

) 100 200 300 400 500 600 700
Mean Yard S o i l ( p p m )

Lead900 -| ———————————————————————————————————————————————————————
800
700
600

T w o ou t l i e r s . - ' '
e X C l u d e d v = 0.3369x^150.06 .-"""

• R 2 = 0.1827 v . - - ' ' '
\ - " '

100 200 300 400 500 600 700
Mean Yard S o i l ( p p m )

800 900

Dust v Y a r d S o i l . x l s : G r a p h s
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S E C T I O N 3
EXPOSURE A S S E S S M E N T

Exposure is the process by which humans come into contact with chemicals in the environment.
In general, humans can be exposed to chemicals in a variety of environmental media (e.g., soil ,
dust, water, air, f o o d ) , and these exposures can occur through one or more of several pathways
(ingestion, dermal contact, inhalation). Section 3.1 provides a discussion of pos s ible pathways by
which area residents and workers might come into contact with contaminants present in outdoor
soil. Sect ion 3.2 describes the basic methods used to estimate the amount of chemical exposure
which humans may receive from direct and indirect contact with contaminants derived from
outdoor soil.
3.1 C O N C E P T U A L SITE MODEL
F i g u r e 3-1 present s a conceptual model showing the main pathways by which contaminants
present in surface soil may come into contact with area residents. Exposure scenarios that are
considered most l i k e l y to be of concern are shown in F i g u r e 3-1 by boxes containing a solid
circle, and greatest attention is focused on these pathways. Pathways which are j u d g e d to
contribute only occasional and minor exposures are shown by boxes with an open circle.
Incompl e t e pathways (i.e., those which are not thought to occur) are shown by open boxes. The
f o l l o w i n g sections present a more detai led description of each of these exposure scenarios, and
presents the basis for concluding that some pathways are minor.
3.1.1 Potent ia l Sources
The source of soil contamination at residential properties at the VBI70 site is not yet established.
Two alternative hypothe se s (which are not mutually exclusive) are that the contamination
observed in yard soil s is due to a) smelter-related releases (either airborne f a l l o u t from historic
operations and/or bulk transport of contaminated waste material), or b) app l i ca t i on of some sort of
pe s t i c ide or lawn care product (e.g., PAX is a crabgrass killer that contains both arsenic and lead).
S t u d i e s are currently underway to obtain data that may help dist inguish between these alternatives
(USEPA 1999e).
3.1.2 Migration Pathways
Regardless of the source, the current medium of chief concern is soil. Metal s in soil tend to have
relatively low mobil i ty (they are not volatile, and usually do not tend to migrate extensively in
soil). Rather, contaminants in soil tend to move mainly by bulk transport, either by a) wind-
blown transport of suspended soil part i c l e s in air, b) surface water run-off of contaminated soil in
ditches, etc., or c) hauling of bulk material from one location to another.

17
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3.1.3 Exposed Popu la t i on s and Potential Exposure Scenarios
~^~ There are a number of d i f f e r e n t groups or popu la t i on s of humans who may come into contact with

smelter-related contaminants in area soils. T h i s includes area residents and workers, as well as
individuals who may be exposed at area schools or parks. The f o l l o w i n g text describes the
scenarios which are considered p l a u s i b l e for each popula t ion, and i d e n t i f i e s which are l ike ly to be
most important and which are s u f f i c i e n t l y minor that they need not be evaluated quantitatively.
3 . 2 P A T H W A Y S C R E E N I N G

T 3.2.1 Resident ial Exposures
Incidenta l I n g e s t i o n o f S o i l
Few p e o p l e intentionally ingest soil. However, it is believed that most p e o p l e (e spec ia l ly

__ ch i ldren) do ingest small amounts of soil that adhere to the hands or other ob j e c t s placed in the
mouth. In addi t ion, outdoor soil can enter the home and mix with indoor dust, which may also be
ingested during meals or during hand-to-mouth activities. T h i s exposure pathway is o f t e n one of

_ the most important routes of human intake, so it was selected for quantitative evaluation.i
Dermal Contact with S o i l_j
Residents can get contaminated soil on their skin while working or p lay ing in their yard. Even
though informat ion is l imited on the rate and extent of dermal absorption of metals in soil across

~{ the skin, most scientists consider that this pathway is l ike ly to be minor in comparison to the
amount of exposure that occurs by soil and dust ingestion. T h i s view is based on the f o l l o w i n g

\ concepts: 1) most p e o p l e do not have extensive and frequent direct contact with soil, 2) most
~ metals tend to bind to soils, reducing the likelihood that they would dissociate from the soil and

cross the skin, and 3) ionic species such as metals have a relatively low tendency to cross the skin
even when contact does occur. These presumptions are supported by screening level calculations
which indicate that dermal exposure of most metals is l ikely to be no larger (and probably much
lower) than absorption due to soil ingestion (see A p p e n d i x B). Based on these considerations,
along with a lack of data to allow reliable estimation of dermal uptake of metals from soil, Region
VIII generally recommends that dermal exposure to metals in soils not be evaluated quantitatively
(EPA 1995a). T h e r e f o r e , this pathway was not evaluated quantitatively in this risk assessment.
Inhala t i on of S o i l / D u s t in Air
Particle s of contaminated soil or dust become resuspended in air, and residents may breathe those
particles both inside and outside their house. However, screening level calculations (presented in
A p p e n d i x B) based on conservative estimates of soil release to air indicate that for residents,
inhalation of par t i c l e s is l ike ly to be a small source of risk (less than 0.2%) compared to incidental
ingestion of soil. Based on this, it was concluded that inhalation exposure is a s u f f i c i e n t l y minor
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contributor to exposure and that it need not be included in the quantitative evaluation of
residential exposure.
Inges t ion of Home-Grown Vege tab l e s
If a resident raises vegetables or f ru i t s in a home garden that contains contaminated soil, some
contamination may be taken up from the soil into the vegetable. If so, the resident would be
exposed when those vegetables were consumed. Although data on exposure by this pathway are
l imi t ed , some studies suggest that the pathway may contribute a s igni f i cant fract ion of the total
exposure. There f or e , this pathway was selected for quantitative evaluation.
3.2.2 W o r k p l a c e Exposures
Workers at commercial or industrial locations within the site boundary may be exposed to soil
while working in outdoor locations, so incidental ingestion, inhalation of par t i cu la t e s and/or
dermal contact may occur. As is the case with residents, ingestion exposure is the most important
of these exposure routes. Although no soil sample s have been col l ec t ed from commercial
propert i e s at the V B I 7 0 site, extensive sampl ing has been performed at commercial propertie s in
the vicinity of the Globe plant (EnviroGroup 2000). T h i s s ampl ing has revealed that, with the
exception of some propert ie s close to the plant that have been impacted by slag or by direct
sur face water r u n o f f , there is very l i t t l e evidence of s igni f i cant contamination at commercial
propert i e s:

Parameter
Number of commercial proper t i e s sampled
Average concentration ( p p m )
H i g h e s t average concentration ( p p m )
Risk-based concentration for workers (see A p p e n d i x C)

Arsenic
345
20
96

382

Lead
345
145

1064
1545

Because there is no known reason why commercial properties in the vicinity of the Globe site
should be les s contaminated than commercial propert ie s in the vicinity of the V B I 7 0 site, these
data are assumed to be representative of what would be obtained if sampl ing were to proceed at
commercial proper t i e s within the V B I 7 0 site. However, screening-level calculat ions presented in
A p p e n d i x C show that these concentrations are below a level of concern to workers. On this
basis, it is concluded that sampl ing at commercial proper t i e s and de tai l ed quantitative risk
calculations for workers are not needed at the VBI70 site. There fore , the worker popu la t i on is not
evaluated further in this risk assessment.

19



r PUBLIC REVIEW DRAFT
3.3 S U M M A R Y OF PATHWAYS OF PRINCIPAL CONCERN
Based on the evaluations above, the f o l l o w i n g pathways are j u d g e d to be of s u f f i c i e n t potential
concern to warrant quantitative exposure and risk analysis:

Popula t i on
Resident

Medium and Exposure Route
Incidental ingestion of soil and dust in and
about the home and yard
Inge s t i on of home-grown vegetables

Other exposure pathways are j u d g e d to be s u f f i c i e n t l y minor that further quantitative evaluation is
not warranted.
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F I G U R E 3 - 1 C O N C E P T U A L S I T E MODEL
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S E C T I O N 4
Q U A N T I F I C A T I O N O F EXPOSURE A N D R I S K FROM A R S E N I C

4.1 OVERVIEW
The U S E P A has established standard methods for e s t imating the level of exposure and risk to
residents f rom a variety of chemical contaminants in soil. Thes e methods are employed below to
estimate the exposure and risk to residents at the VBI70 site from arsenic in soil. Whenever
po s s i b l e , site s p e c i f i c data are used in pre f e r enc e to non-site s p e c i f i c d e f a u l t assumptions.
Because the approach used to evaluate exposure and risk f rom lead is somewhat d i f f e r e n t than
that used for arsenic, the assessment of lead risks is presented separately in Section 5.
4.2 QUANTIFICATION OF EXPOSURE
4.2.1 Basic Equation
The amount of a chemical which is ingested, inhaled, or taken up across the skin is referred to as
"intake" or "dose", and is u sual ly calculated using an equation of the f o l l o w i n g general form:

DI = C-(IR/BW)-(EF-ED/AT)
where:

DI = Daily intake of chemical (mg of chemical per kg of body weight per day)
C = Concentration of the chemical in the contaminated environmental medium

(soi l , dust, etc.) to which the person is exposed. The units are mg of
chemical per unit of environmental medium (e.g., m g / k g for soil, f o o d ,
etc.).

IR= Intake rate of the contaminated environmental medium. The units are
usually k g / d a y for solid media (soi l , dust, f o o d ) .

BW = Body weight of the exposed person (kg).
EF = Exposure frequency (days/year). T h i s describes how o f t e n a person is

l ike ly to be exposed to the contaminated medium over the course of a
typical year.
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ED = Exposure duration (years). Thi s describes how long a person is l ike ly to be

7- exposed to the contaminated medium during their l i f e t i m e .
AT = Averaging time (days). Thi s term s p e c i f i e s the length of time over which

~ the average dose will be calculated. U s u a l l y , two d i f f e r e n t averaging times
are considered:

T • "Chronic" exposure includes averaging times on the scale of
years ( t y p i c a l l y ranging from 1 years to 70 years). Thi s

_ exposure duration is used when assessing the non-cancer
risks from chemicals of potential concern.

_ • "Lifet ime" exposure employs an averaging time of 70 years.
Thi s exposure interval is selected when evaluating cancer
risks.

In some cases (when the concentration of contaminants is s u f f i c i e n t l y high
that short-term exposures might be of concern), a separate evaluation of
"subchronic" exposure ( t y p i c a l l y from 1 to 7 years) or "sub-acute"
exposure ( t y p i c a l l y f rom several weeks to several months) may also be
performed.

Note that the last three fac tor s (EF, ED, AT) combine to yield a fac tor between zero and one.
Value s near 1.0 indicate that exposure is nearly continuous over the s p e c i f i e d averaging p er i od ,
while values near zero indicate that exposure occurs only rarely.
For mathematical convenience, the general equation for calculat ing dose is o f t e n written as:

DI = C-HIF
where:

HIF = Human Intake Factor. T h i s term describes the average amount of an
environmental medium contacted by the exposed person each day. The value of
HIF is t y p i c a l l y given by:

H I F = ( I R / B W K E F - E D / A T )
The units of HIF are kg/kg-day for solid media such as soil, dust, and f o o d .
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4.2.2 Variabi l i ty and Uncertainty in Exposure Calcu la t ions
For every exposure pathway of potential concern, it is expected that there will be d i f f e r e n c e s
between d i f f e r e n t individuals in the concentration of chemical to which they are exposed, as well
as d i f f e r e n c e s in intake rates, body weights, exposure frequencies and exposure durations. Thus ,
there is normally a wide range of average dai ly intakes between d i f f e r e n t members of an exposed
population. Because of this, all dai ly intake calculations must s p e c i f y what part of the range of
doses is being estimated. T y p i c a l l y , attention is focused on two d i f f e r e n t parts of the exposure
distribution:

Average or "Central Tendency" Exposure (CTE) is either the arithmetic mean or the
median exposure. It is calculated using the average values for all of the exposure
parameters.
Reasonable Maximum Exposure (RME) is the highest exposure that is reasonably
expected to occur at a site. The intent of the RME is to estimate a conservative exposure
case that is s t i l l within the range of pos s ib l e exposures. T h i s is done by using a
combination of upper-bound estimates for some exposure parameters and average
estimates for some exposure parameters.

Thi s variability in exposure between d i f f e r e n t members of the popu la t i on should not be confused
with the d i f f i c u l t i e s that are o f t en encountered in at tempting to estimate either CTE or RME dai ly
chemical intake levels. These d i f f i c u l t i e s arise because there are usually i n s u f f i c i e n t data to
accurately d e f i n e key exposure parameters such as typical and upper bound intake rates, exposure
frequencies and exposure durations. Thus , the choice of values for average and upper-bound
intakes are o f t e n rather uncertain. In addit ion, there is usually uncertainty regarding the true mean
concentration of a chemical in a medium at an exposure area. Because of this uncertainty, the
U S E P A t y p i c a l l y recommends that, for chemicals such as arsenic, the exposure point
concentration (EPC) that is used to calculate exposure and risk be based on either the 95% upper
conf idence limit (UCL) of the mean concentration or the maxim concentration (whichever is
lower) (USEPA 1989). Note that this approach is used for both the CTE and the RME exposure
scenarios (USEPA 1992a).
4.2.3 Source of Exposure Parameters
The U S E P A has collected a wide variety of data and has performed a number of studies to h e lp
establish reasonable values for many human exposure parameters. The chief sources of these
standard d e f a u l t values are the f o l l o w i n g documents:

1. Risk Assessment Guidance for S u p e r f u n d (RAGS). Volume I. Human H e a l t h
Evaluation Manual (Part A). U S E P A 1989.
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2. Human H e a l t h Evaluation Manual, Suppl ementa l Guidance: "Standard Defaul t
!__ Exposure Factors". U S E P A 1991a.

3. Superfund's Standard Defaul t Exposure Factors for the Central Tendency and
~- Reasonable Maximum Exposure. Draft . U S E P A 1993 a.

4. Exposure Fa c t o r s Handbook. Volumes I to III. U S E P A 1997.
However, for some parameters, there is no guidance and there are few or no data to support the
selection of CTE or RME values, so pro fe s s ional judgement and input f rom community members

~ were utilized in some cases.
4.2.4 Quant i f i ca t i on of Exposure of Residents

t
S o i l and Dust I n g e s t i o n
Based on the assumption that the concentration of contaminants is approx imate ly equal in outdoor
yard soil and indoor house dust, the U S E P A usually evaluates residential exposure to soil and dust

_ in a s ingle step. The basic equation is as f o l l o w s :
i

T»T _ p sd sd____s d H B W ' A T )
Both chronic and l i f e t i m e average intake rates are time-weighted to account for the po s s i b i l i ty that
an exposed individual may begin exposure as a child (EPA 1989a, 199la , 1993a), as f o l l o w s :

T W A - ™ • - - ' • E F c ' E D < ' I R a E F * - E D °' ( A T e + AT.)
where:

Ijd = Time-weighted Daily Intake from ingestion of soil and dust (mg/kg-d)
C^ = Concentration of chemical in soil and dust ( m g / k g )
IR = Intake rate ( k g / d a y ) when a child (IR,.) or an adult (IRJ
BW = Body weight (kg) when a child (BWC) or an adult (BWJ
EF = Exposure frequency ( d a y s / y r ) when a child (EFC) or an adult (EFa)ED = Exposure duration (years) when a child (EDC) or an adult (EDa)AT = Averaging time (days) while a child (ATC) or an adult (ATJ

Defaul t values and assumptions recommended by U S E P A (1989, 1991a, 1993a, 1997) for
evaluation of chronic and l i f e t i m e residential exposure to soil and dust are li s ted below:
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Exposure Parameter
I R ( k g / d a y )
BW (kg)
EF ( d a y s / y r )
ED (years)
AT (noncancer e f f e c t s ) (days)
AT (cancer e f f e c t s ) (days)

C T E
C h i l d
IE-04

15
234

2
2-365

—

A d u l t
5E-05

70
234

7
7-365

70-365

RME
C h i l d
2E-04

15
350

6
6-365

--

A d u l t
IE-04

70
350
24

24-365
70-365

Based on the exposure parameters above, the time-weighted HIFs for chronic and l i f e t i m e
exposure of residents to soil and dust are as f o l l o w s :

Resident ia l Exposure
to S o i l p l u s Dust

TWA-chron i c (non-cancer)
T W A - l i f e t i m e (cancer)

H I F s d ( k g / k g - d )
C T E

1.3E-06
1.7E-07

RME
3.7E-06
1.6E-06

However, as noted in Section 2, s tudie s at a number of sites have revealed that the concentration
of metals such as lead and arsenic is o f t e n not as high in indoor dust as in outdoor soil. In this
situation, it is necessary and appropriate to evaluate exposure to soil and dust separately, as
f o l l o w s :

where:
C = Concentration in soil (Cs) or in dust (Cd)HIF = Human Intake Factor for soil (HIF S ) or dust (HIF d )

In general, the concentration of contaminants in dust can be expressed as a function of the
concentration in outdoor soil using the f o l l o w i n g equation:

Cri = DO + ksd-C,
where:

DO = Concentration in dust (ppm) that is not attributable to yard soil
ksd = Fract ion of indoor dust that is derived from outdoor soil
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!f~ If fs is d e f i n e d as the fract ion of total intake that is soil, the equation above can be re-written as:

DI^ = C.-f.-HIF^, + (DO + ksd-C s)-(l -fs)-HIFsd

Data are sparse on the relative amounts of soil and dust ingestion by residents, but limited data
_ support the view that total intake is composed of about 45% soil and 55% dust in children (EPAk 1994a). By extrapolation, this ratio is also assumed to a p p l y to resident adults. Thus:

fs = 0.45
V

As discussed in Section 2.5.2, in order to derive a reliable s i t e- spec i f i c estimate of the relation
-~ between yard soil and indoor dust, paired samples of yard soil and indoor dust were collected at

74 propert ie s at the site. These data are presented in Figure 2-8. For arsenic, the best estimate of
the relation between soil and dust is given by the equation:

C d = 0 . 0 6 - C s + l l
That is, DO = 1 1 ppm and ksd = 0.06.
V e g e t a b l e I n g e s t i o n

\

The basic equation for evaluation of exposure from ingestion of home-grown vegetables or native
vegetation is as f o l l o w s :

EF • EDN

where:
DIgv = Average daily intake of chemical from home-grown garden vegetables (mg/kg-

day)
Cgv = Concentration in garden vegetables (mg/kg wet weight)
IRgv = Average intake rate of home-grown garden vegetables (kg wet weight per kg body

weight per day)
EF^ = Exposure frequency to home-grown garden vegetables (days/yr)
ED = Exposure duration (years)
AT = Averaging time (days)

A number of s tudies on the intake of homegrown garden vegetables are summarized in the
Exposure Factor s Handbook (EPA 1997). Intake rates vary as a funct ion of several parameters,
including geographic region and age. For this evaluation, intake rates were based on seasonally-
a d j u s t e d l i f e t i m e mean values of home-grown garden vegetable intake by p e o p l e living in the
western region of the United States. Time- weighted averaging of intakes across childhood and
adulthood was not used since the l i f e t i m e average value is e s s en t ia l ly identical to the calculated
time-weighted value. T h e s e exposure parameters are summarized below:
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IR (kg wet w e i g h t / k g body w t / d a y )
EF ( d a y s / y r )
ED (years)
AT (noncancer e f f e c t s ) (days)
AT (cancer e f f e c t s ) (days)

Average
4.92E-04

350
9

9-365
70-365

RME
5.04E-03

350
30

30-365
70-365

Based on these exposure parameters, the HIF values for exposure of residents to home-grown
vegetables are as f o l l o w s :

Resident ia l Exposure
to Home-Grown Garden Vege tab l e s

Chronic (non-cancer)
L i f e t i m e (cancer)

H I F g v ( k g w w / k g - d )
Average
4.7E-04
6. IE-05

RME
4.8E-03
2.1E-03

4 . 3 T O X I C I T Y A S S E S S M E N T
4.3.1 Overview
The basic object ive of a toxici ty assessment is to i d e n t i f y what adverse health e f f e c t s a chemical
causes, and how the appearance of these adverse e f f e c t s depends on dose. In addi t ion, the toxic
e f f e c t s of a chemical f r equen t ly depend on the route of exposure (oral, inhalation, dermal) and the
duration of exposure (subchronic, chronic or l i f e t i m e ) . Thus , a f u l l description of the toxic e f f e c t s
of a chemical includes a l i s t ing of what adverse health e f f e c t s the chemical may cause, and how
the occurrence of these e f f e c t s depends upon dose, route, and duration of exposure.
The toxici ty assessment process is usually divided into two parts: the f i r s t characterizes and
quant i f i e s the non-cancer e f f e c t s of the chemical, while the second addresses the cancer e f f e c t s of
the chemical. Thi s two-part approach is employed because there are t y p i c a l l y major d i f f e r e n c e s in
the time-course of action and the shape of the dose-response curve for cancer and non-cancer
e f f e c t s .

Non-Cancer E f f e c t s
Essent ia l ly all chemicals can cause adverse health e f f e c t s if given at a high enough dose.
However, when the dose is s u f f i c i e n t l y low, t y p i c a l l y no adverse e f f e c t is observed. Thus, in
characterizing the non-cancer e f f e c t s of a chemical, the key parameter is the threshold dose at
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which an adverse e f f e c t f i r s t becomes evident. Doses below the threshold are considered to be
sa f e , while doses above the threshold are l i k e l y to cause an e f f e c t .
The thre shold dose i s t y p i c a l l y e s t imated f r om t ox i c o l og i ca l data (derived from s tudie s of humans
and/or animals) by f i n d i n g the highest dose that does not produce an observable adverse e f f e c t ,
and the lowest dose which does produce an e f f e c t . T h e s e are referred to as the "No-observed-
adver s e - e f f e c t - l ev er 1 (NOAEL) and the "Lowes t-ob s erved-adver s e-e f f e c t- l ever ' ( L O A E L ) ,
respect ively. The threshold is presumed to lie in the interval between the N O A E L and the
LOAEL. However, in order to be conservative (pro t e c t iv e), non-cancer risk evaluations are not
based d i r e c t l y on the thre shold exposure l e v e l , but on a value referred to as the Reference Dose
(RfD). The RfD is an estimate (with uncertainty spanning perhaps an order of magni tud e) of a
da i ly exposure to the human p o p u l a t i o n (including sensitive subgroups) that is l i k e l y to be
without an a p p r e c i a b l e risk of d e l e t er iou s e f f e c t s during a l i f e t i m e .
The RfD is derived f r om the N O A E L (or the LOAEL if a r e l i a b l e N O A E L is not a v a i l a b l e ) by
d i v i d i n g by an "uncertainty factor". If the data are f r om s tud i e s in humans, and if the observations
are considered to be very rel iable , the uncertainty factor may be as small as 1.0. However, the
uncertainty f a c t o r is normal ly at least 10, and can be much higher if the data are l i m i t e d . The
e f f e c t of d i v i d i n g the N O A E L or the LOAEL by an uncertainty f a c t o r is to ensure that the RfD is
not higher than the thre sho ld level for adverse e f f e c t s . Thus , there is always a "margin of s a f e t y "
bui l t into an RfD, and doses equal to or les s than the RfD are nearly certain to be without any risk
of adverse e f f e c t . Doses higher than the RfD may carry some risk, but because of the margin of
s a f e t y , a dose above the RfD does not mean that an e f f e c t w i l l neces sari ly occur.
Cancer E f f e c t s
For cancer e f f e c t s , the t o x i c i t y assessment process has two components. The f i r s t is a qua l i t a t iv e
evaluation of the weight of evidence that the chemical does or does not cause cancer in humans.
T y p i c a l l y , thi s evaluation is p e r f ormed by the USEPA, using the system summarized in the t a b l e
below:

Category
A
Bl

B2

C

D

M e a n i n g
Known human carcinogen
Probable human
carcinogen
Probable human
carcinogen
P o s s i b l e human
carcinogen
Cannot be evaluated

Descr ip t i on
S u f f i c i e n t evidence of cancer in humans.
S u g g e s t i v e evidence of cancer incidence in humans:

S u f f i c i e n t evidence of cancer in animal s , but lack of data
or i n s u f f i c i e n t data f r o m humans.
S u g g e s t i v e evidence of carc inogenic i ty in animal s .

No evidence or inadequate evidence of cancer in a n i m a l s
or humans.
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^~ For chemicals which are c l a s s i f i e d in Group A, Bl > B2, or C, the second part of the tox ic i ty

assessment is to describe the carcinogenic potency of the chemical. T h i s is done by q u a n t i f y i n g
how the number of cancers observed in exposed animals or humans increases as the dose
increases. T y p i c a l l y , it is assumed that the dose response curve for cancer has no thre sho ld ,
arising from the origin and increasing linearly until high doses are reached. Thus, the most

_ convenient descriptor of cancer potency is the s lope of the dose-response curve at low dose
(where the s lope is s t i l l linear). T h i s is referred to as the S l o p e Fac tor (SF), which has dimensions
of risk of cancer per unit dose.
Est imating the cancer S l o p e F a c t o r is o f t e n complicated by the fact that observable increases in
cancer incidence u sua l ly occur only at r e la t iv e ly high doses, f r e q u e n t l y in the part of the dose-

r~ response curve that is no longer linear. Thus , it is necessary to use mathematical mode l s to
extrapolate from the observed high dose data to the desired (but unmeasurable) s l ope at low dose.
In order to account for the uncertainty in this extrapolation process, U S E P A t y p i c a l l y chooses to

^" employ the upper 95th confidence limit of the s lope as the S l o p e Factor. That is, there is a 95%
probabi l i ty that the true cancer potency is lower than the value chosen for the S l o p e Factor. T h i s
approach ensures that there is a margin of s a f e t y in cancer as well as noncancer risk estimates.
4.3.2 T o x i c i t y Summary for Arsenic
The toxic e f f e c t s of arsenic have been reasonably well e s tab l i shed , based mainly on s tudie s of
humans exposed to elevated level s of arsenic from a variety of sources. The f i n d i n g s f rom these

_ studies are summarized b r i e f l y below.
Noncarcinogenic E f f e c t s
Oral exposure to high doses of arsenic produces marked irritation of the gastrointestinal tract,
l e a d i n g to nausea and vomiting. S y m p t o m s r e su l t ing f rom chronic ingestion of lower doses of

~ arsenic o f t e n begin with a vague weakness and nausea. As exposure continues, symptoms
become more characteristic and may include signs such as diarrhea, vomiting, anemia, in jury to
blood vessels, damage to kidney and liver, and impaired nerve func t i on that leads to "pins and

"" needles" sensations in the hands and f e e t . The most diagnostic sign of chronic arsenic exposure is
an unusual pattern of skin abnormalities, including dark and white spots and a pattern of small

__ "corns," e sp e c ia l ly on the palms and soles (ATSDR 1998).
The average dai ly intake of arsenic that produces these e f f e c t s varies from person to person. In a

_ large ep id emio l og i ca l study in Taiwan, T s e n g et al. (1968) reported skin and vascular lesions in
humans exposed to inges ted arsenic doses of 0.014 m g / k g - d a y or higher. Intake was through the
drinking water. These e f f e c t s were not observed in a control p o p u l a t i o n inges t ing 0.0008 mg/kg-

-~ day.
The U S E P A used the NOAEL of 0.0008 m g / k g / d a y for skin and vascular lesions (Tseng et al.

•*- 1968) to derive a chronic oral RfD of 3 .OE-04 m g / k g / d a y (IRIS 2000). The N O A E L was divided
by an uncertainty factor of 3 to account for a lack of rel iable data on reproductive e f f e c t s and the
p o s s i b i l i t y that sensitive human subgroups may not have been i d e n t i f i e d . C o n f i d e n c e in the RfD
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is rated medium. A higher rating was not given due to uncertainties in dose estimates and other
problems in the epidemiological data base (IRIS 2000).
Carcinogenic E f f e c t s
There is strong evidence from a number of human studies that oral exposure to arsenic increases
the risk of skin cancer (USEPA 1988, ATSDR 1998, NRC 1999). The most common type of
cancer is squamous cell carcinoma, which appears to deve lop from some skin corns. In addition,
basal cell carcinoma may also occur, t y p i c a l l y arising from c e l l s not associated with the corns.
A l t h o u g h these cancers may be easi ly removed, they can be p a i n f u l and d i s f i g u r i n g and can be
f a t a l if left untreated. More recent data indicate that chronic oral arsenic exposure may also
increase the risk of internal cancers, i n c l u d i n g cancer of the b l a d d e r and lung (NRC 1999).
The amount of arsenic inge s t ion that l ead s to skin cancer or other cancer is controversial. Based
on a s tudy of skin cancer incidence in Taiwanese re s idents exposed m o s t l y to arsenic in drinking
water ( T s e n g et al. 1968), the USEPA has ca l cu la t ed a unit risk of 5E-5 (|ag/L)'1 corre sponding to
an oral s l o p e f a c t o r of 1.5 ( m g / k g / d a y ) - 1 (IRIS 2000). The NRC ( 1 9 9 9 ) has reviewed a number of
al ternative approache s for quan t i f i ca t i on of cancer risk at low doses, and noted that the risk
estimates d ep end heavi ly on the mathematical approach employed as well as the cancer data set
u t i l i z e d . Based on the incidence of b ladder cancer in males in Taiwan, several d i f f e r e n t methods
yie ld es t imates of the EC01 (the concentration in water that results in a 1% increase in excess
l i f e t i m e cancer risk) of about 400-450 ug/L. If the dose response curve is assumed to be linear
and to have no thre shold, this corresponds to an oral s l o p e f a c t o r of about 0.8-0.9 (mg/kg-day)'1,
general ly similar to the value based on skin cancer.
Benef i c ia l E f f e c t s
Several studies in animals suggest that low level s of arsenic in the diet may be beneficial for
reproduction and normal postnatal development (ATSDR 1998). The U S E P A (1988) reviewed
the evidence and concluded that the essentiality of low level s of arsenic in animals has not been
e s tab l i shed, but is p laus ib l e . The NRC (1999) also reviewed the evidence and noted that studies
to date do establish that arsenic supplementat ion of low-arsenic semi-synthetic die t s prevents the
occurrence of abnormal reproductive or decreased growth in animals, but that there is no proof
that arsenic is an essential element in humans or that it is required for any biochemical process.
If arsenic is b ene f i c ia l or essential in animals, it is also l i k e l y to be so for humans. Based on the
animal data, the e s t imated bene f i c ia l dose for humans in a p p r o x i m a t e l y 10 to 50 f i g / d a y (USEPA
1988). T h i s level of arsenic intake is usual ly provided in a normal diet , and no cases of arsenic
d e f i c i e n c y in humans have been reported (ATSDR 1998, NRC 1999).
Summary o f T o x i c i t y V a l u e s f or Arsenic
Based on the in format ion reviewed above, this risk assessment u t i l i z ed the f o l l o w i n g tox i c i ty
f a c t o r s for ingested arsenic:
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T o x i c i t y Fac tor
Chronic RfD
Oral S l o p e F a c t o r

Value
0.0003 mg/kg-day
1 .5 ( m g / k g - d a y ) - 1

Source
IRIS 2000
I R I S 2000

43.3 A d j u s t m e n t s For Relative U n a v a i l a b i l i t y
As discussed in U S E P A (1989), most oral RfD and SF values developed by U S E P A are based on
the empirical relationship between the occurrence of toxic e f f e c t s and the amount of chemical
inges t ed, and the amount of chemical that is a c tua l ly absorbed into the body is not e x p l i c i t l y
considered. Thus , if it is expected that the absorpt ion of a chemical f r om an on-site medium is
s i g n i f i c a n t l y d i f f e r e n t than f rom the medium used in the s tudy s u p p o r t i n g the RfD or SF, then it is
necessary to a d j u s t the RfD or SF to account for this d i f f e r e n c e in absorption.
The ratio of the absorption frac t ion for a chemical in site medium compared to the medium used
in the key toxicity studies is referred to as the Relative Bioavai labi l i ty (RBA). If reliable
es t imates of RBA are available for chemicals of po t en t ia l concern in site media, these can be used
to a d j u s t the d e f a u l t RfD and SF values as f o l l o w s :

SF a d j = SFd e f a u l t RBA
In the case of arsenic, all of the oral RfDs as well as the oral SF are based on studies of humans
exposed to arsenic either in drinking water or in other r ead i ly absorbable forms. Thus , so l id
f orms of arsenic in site s o i l s may be les s well-absorbed and require a d j u s t m e n t s in the t ox i c i ty
f a c t o r s to derive appropr ia t e estimates of tox ic i ty.
In order to investigate the relative b ioavai lab i l i ty of arsenic in site soils, U S E P A performed a
s tudy in which f i v e separate samples were fed to swine for 12 days. Swine were selected as the
test spec i e s because it is believed the gastrointe s t inal system (and hence the behavior of ingested
arsenic) in swine is s imilar to that in humans. The d e t a i l s of the s tudy de s ign and of the f i n d i n g s
are presented in a separate report (USEPA 2000b). In brie f , the study found that arsenic in site
so i l s was less well absorbed that a readily soluble form of arsenic (sodium arsenate), with RBA
values for individual samples ranging from about 0.2 to 0.5. Because it is believed that these
d i f f e r e n c e s in RBA ref l e c t mainly experimental variation, a single site-wide RBA value was
derived by ca l cu la t ing the 95% upper c on f id enc e l imit of the mean RBA. The re sul t ing value was
0.5.
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L 4.4 RISK CHARACTERIZATION FOR A R S E N I C

j 4.4.1 Basic A p p r o a c h
i—

Cancer Risk
— The risk of cancer from exposure to a chemical such as arsenic is described in terms of the

probab i l i ty that an exposed individual will develop cancer because of that exposure by age 70.
For each chemical of concern, this value is calculated f rom the d a i l y intake of the chemical f rom

~~ the site, averaged over a l i f e t i m e (DIL), and the s l op e f a c t o r (SF) for the chemical, as f o l l o w s
(EPA 1989):

"~ Cancer Risk = 1 - e x p ( - D I L • SF)
_ In most cases (except when the product of DIL-SF is larger than about 0.01), this equation may be

accurately approx imated by the f o l l o w i n g :
„ Cancer Risk = DIL-SF

The level of total cancer risk that is of concern is a matter of per sonal , community and regulatory
— j u d g e m e n t . In general, it is the p o l i c y of the U S E P A that where excess cancer risks to the RME

i n d i v i d u a l do not exceed a level of IE-04, remedial action is g e n e r a l l y not warranted ( U S E P A
1991b).
Noncancer Risk

~ The p o t e n t i a l for noncancer e f f e c t s f rom exposure to a chemical is evaluated by comparing the
estimated da i ly intake of the chemical over a s p e c i f i c time period with the RfD for that chemical

__ derived for a s imilar exposed period. T h i s comparison re su l t s in a noncancer Hazard Quotient , as
f o l l o w s (EPA 1989a):

H Q = D I / R f D
where:

HQ = Hazard Quotient
DI = Daily Intake (mg/kg-day)

— RfD = Reference Dose ( m g / k g - d a y )
If the HQ for a chemical is equal to or less than one (1E+00), it is believed that there is no

"" apprec iab l e risk that noncancer health e f f e c t s will occur. If an HQ exceeds 1E+00, there is some
p o s s i b i l i t y that noncancer e f f e c t s may occur, although an HQ above 1E+00 does not indicate an
e f f e c t will d e f i n i t e l y occur. T h i s is because of the margin of s a f e t y inherent in the derivation of
all RfD values. However, the larger the HQ value, the more l ik e ly it is that an adverse e f f e c t may
occur.
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As noted earlier, noncancer risks f rom lead are evaluated using a somewhat d i f f e r e n t approach
that evaluates the l i k e l i h o o d of an exposed person having a blood lead level that exceeds a level of
po t ent ia l heal th concern. T h i s evaluation of noncancer risks f r o m lead is presented in S e c t i o n 5.
4.4.2 Risks f r o m S o i l and Dust
Cancer Risk
Cancer risks from exposure of res idents to arsenic in yard soil and indoor house dust were
calculated for each property using the basic equations described above. The concentration term
used for soil at each property was the 95% UCL of the mean or the maximum value (whichever
was lower), and the concentration in dust was calculated from the soil concentration as described
in Sec t i on 4.2.4 (above). The resulting risk estimates are shown in T a b l e 4-1.
For CTE exposure condi t ions , most proper t i e s have estimated excess cancer risks for exposures
due to arsenic in soil p l u s dust that lie between 1.IE-06 and 1.4E-05 (5th to 95th percentile), with
a maximum value of 8.3E-05.
For RME exposure conditions, most propertie s have risk estimates that lie between 1 .OE-05 and
1.3E-04, with a maximum value of 7.8E-04. Of the total p rop er t i e s inve s t igated ( 1 5 4 8 ) , 112
( a p p r o x i m a t e l y 7%) have RME cancer risks which exceed 1 .OE-04.
As shown in T a b l e 4-1, the pattern of prop er t i e s with arsenic contamination that exceeds a risk
level of IE-04 is a p p r o x i m a t e l y uniform across the site, with a frequency of about 7%-9% in
Cole, Clayton, and Swansea/Elyria. T h i s approx imate ly uniform pattern is also shown in F i g u r e
4-1, where the site is d i v i d e d into six rectangles of g enera l ly s imilar area, with the f o l l o w i n g
frequency:

Area
1
2
3
4
5
6
A l l

N
26
13
67
171
674
600

1551

N > 1 .OE-04
0
0
6

11
49
46
112

%
0
0

9%
6%
7%
8%
8%

The apparent absence of proper t i e s with an RME cancer risk above IE-04 in F i v e Points and
G l o b e v i l l e may be a consequence of the fact that only a small number of homes were sampled in
these areas, rather than an authentic absence of impacted properties.
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I Chronic Noncancer Risks

Estimated risks of non-cancer health e f f e c t s f r om chronic exposure to arsenic in soil and dust are
shown in T a b l e 4-2. For i n d i v i d u a l s with CTE exposure, risks at most proper t i e s fall between
1.9E-02 and 2.3E-01 (5th to 95th percent i l e), while ind iv idua l s with RME exposure have risks
that lie mainly between 5.3E-02 and 6.6E-01. These results indicate that risk of noncancer e f f e c t s
is low for most i n d i v i d u a l s at most locations. However, there is one location where the CTE non-
cancer risk does s l i g h t l y exceed 1 .OE+00 (HQ = 1.4E+00), and there are 28 locat ions where the
RME HQ values exceed 1 .OE+00 (maximum = 4.0E+00). T h e s e l o ca t ions where noncancer risks
enter a range of concern (HQ > 1E+00) are also above the usual level of concern ( I E - 0 4 ) for
cancer.
Noncancer Risks f rom Short-Term Exposures
In most cases, if chronic noncancer and cancer risks f r om arsenic are below a level of concern,
risks f rom shorter term exposures wi l l also be below a level of concern. However, in cases where
there is high spat ia l variabil i ty of arsenic concentrations in soil at d i f f e r e n t locat ions within a
p r o p e r t y (e.g., see Figur e 2-3), it is conceivable that long-term average exposures in a yard might
not be of concern, but that short-term high-intake exposures by a child p lay ing in the yard at
locations of above-average concentration could be of concern. T h i s is commonly referred to as a
"hot-spot" exposure scenario.
The basic equation used to evaluate noncancer risk f r om th i s t y p e of scenario is the same as
described previous ly:

HQ = C • (IR/BW • EF-ED/AT) / (RfD/RBA)
However, the values of the input s to the equation are m o d i f i e d to r e f l e c t the short-term nature of
the exposure. Each of the input s are discussed below.
Concentration
As be f or e , the concentration term needed to assess short-term exposure is the mean concentration
averaged over the l o ca t ion where the exposure takes place. For longer term exposure, the area
over which averaging occurs is the entire yard. However, for short-term exposure, the area in
which exposure occurs could be smaller, d epending on the l ength of time involved. In the
absence of any s p e c i f i c data on short-term exposure patterns by children, it is assumed this area is
about 1/10 that of the entire yard.
Because the soil sample s c o l l e c t ed during Phase III were 10-point compos i t e s rather than grab
sample s , these data are not suited for direct estimation of the average concentration over an area
1/10 of the yard However, it is p o s s i b l e to estimate the maximum concentration which could
th eor e t i ca l ly exist at any subarea of the yard by assuming that 9 of the 10 sub-samples were from
locations where the soil concentration was at background level s , and the tenth sub-sample was
f r om a "hot-spot". In this case, the concentration in the composite would be:

C ( c o m p o s i t e ) = (9-Bkg + 1 - H o t s p o t ) / 1 0
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T h u s , given the concentration value for a compos i t e , the highest concentration that any sub-
sample in that composite could pos s ib le have is:

C m a x ( h o t s p o t ) = 10-Compos i t e - 9-Bkg
The value of the mean background concentration of arsenic at the site is not established with
certainty, but based on the dis tribution of data collected during the Phase III sampl ing program, it
seems l i k e l y the value is about 15-20 ppm. Assuming an intermediate value of 17 p p m , the
maximum theoretical ho t spo t concentration (MTHC) is given by:

MTHC = 10-Composi te -150 ppm
The MTHC was ca l cu la t ed for each property based on the maximum compos i t e value f r o m each
property, and this value was used as a screening-level input to the short-term risk equation. If the
calculated HQ based on the MTHC does not exceed 1E+00, it can re l iab ly be concluded that short
term risks are not of concern. However, it is essential to note that if the ca l cu la t ed HQ based on
the MTHC does exceed 1E+00, this does not e s tab l i sh that there ]s a risk. Rather, this result
indicates that a short-term risk might exist, and that additional investigation is needed to assess
this po s s i b i l i ty .
Body Weight
Because the scenario of chief concern is a small child p l a y i n g in the yard, the body weight was
assumed to be 10 kg. T h i s corresponds to a ch i ld who is 6-12 months in age.

Soil Intake Rate
The average amount of soil inges ted per day by a child during a short-time exposure is not known.
U S E P A t y p i c a l l y assumes that an intake of about 200 m g / d a y is the upper bound for the average
intake across a time interval of 1 year. In the absence of data, it was assumed that the average
intake over a period of several months (sub-chronic) or several days (sub-acute) was 500 m g / d a y
and 2,000 m g / d a y , r e spec t ive ly .
Exposure Frequency
The short-term frequency with which a small chi ld wi l l be in direct contact with yard soil is not
known. For sub-chronic exposure, it is assumed that the highest exposure frequency will occur in
the warm summer months (120 days), and that the child will p l a y in the yard about 30 of those
days. For sub-acute exposure, it is assumed the chi ld is exposed in the yard one day out of two.
Toxicity Factors
The USEPA has d ev e l op ed a subchronic oral RfD for arsenic of 6E-03 mg/kg-d (USEPA 1995b).
T h i s value is based on an estimated LOAEL of 0.06 m g / k g - d a y in humans (both c h i l d r e n and
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a d u l t s ) exposed to arsenic for per iod s of time f r om six months up to about 15 years. An
uncertainty fa c t or of 10 is used to account for ex trapo la t ion f rom a LOAEL to a N O A E L .
The USEPA has not yet d eve l oped any acute or sub-acute RID values for arsenic. Such a fac tor
is needed to assess exposures of several days to several weeks in duration. However, observation
of short-term tox i c i ty in human have not been noted for exposures lower than about 0.05 mg/kg-
d a y ( A T S D R 1 9 9 8 ) :

S t u d y
Armstrong et al. 1984
W a g n e r e t a l . 1979
C u l l e n e t a l . 1995
F r a n z b l a u and L i l l i s 1989
Mizuta et al. 1956

N u m b e r o f
p a t i e n t s

5
1
1
2

220

Exposure
Duration

1 week
4 mo.
1 dose

1-2 mo.
2-3 wk

LOAEL
m g / k g - d a y

1
0.05

17
0.29
0.05

In the absence of any USEPA or A T S D R - v a l i d a t e d values for sub-acute exposure, a value of 0.05
mg/kg-day will be utilized in this assessment for estimating risks from sub-acute exposure. No
r e l i a b l e e s t imate of an acute ( s i n g l e do s e) RfD is available.
Results
Based on the exposure assumptions above, and using the MTHC as the input concentration, the
f o l l o w i n g r e su l t s are obtained:

Result
HQ < 1 .OE+00 (no concern over hot s p o t s )
HQ > 1. OE+00 ( p o s s i b l e hot s p o t )
HQ > 1 .OE+00 AND cancer risk < l.OE-04

Sub-Acut e
1387
161
49

Sub-Chroni c
1382
166
54

As seen, about 161-166 proper t i e s are i d e n t i f i e d by this screening technique as locat ions where a
hot-spot of potential short-term noncancer health concern might exist. Of these properties , most
are already i d e n t i f i e d as being of po t en t ia l concern due to estimated chronic cancer risks which
exceed a cancer risk level of 1 .OE-04. The remaining proper t i e s (about 49-54) are locat ions where
add i t i ona l inve s t iga t ion may be needed to determine if any short-term risks are a c tua l ly present.
4.4.3 Risks f r o m Home-Grown Vege tab l e s
A total of 72 d i f f e r e n t sample s of garden vegetables were c o l l e c t ed f rom 19 d i f f e r e n t p rop er t i e s
across the site. At each property, the 95% UCL of the mean concentration of arsenic was
c a l c u l a t e d , and thi s value (or the maximum, whichever was lower) was used to es t imate risks to
res idents . The re sul t s are summarized in T a b l e 4-3.
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l_ As seen, for i n d i v i d u a l s whose intake of home-grown garden vege table s is average (CTE) for the

western United State s , neither non-cancer nor cancer risks enter a range of concern at any property
tes ted. For i n d i v i d u a l s whose intake is at the upper-bound (RME) of the d i s tr ibut ion of garden
vegetable consumption, risks do enter a range of potential concern for f iv e properties. At three of
these prop er t i e s (numbers 4, 8 and 12), the magnitude of the excess risk is r e la t iv e ly small (RME
cancer risk = 2E-04), and is due in most cases to the conservatism introduced by use of the 95%
UCL of the mean rather than the mean concentration for the risk calculat ions .
At proper ty 11, the high risk estimates are at tributable to a s i n g l e vegetable sample ( g a r l i c ) that
was s i g n i f i c a n t l y higher than the remainder of the sample s f r om this location. Because this value
seemed to be quest ionable compared to other sample s f rom the garden, EPA returned to the
proper ty and c o l l e c t e d a second sampl e of garlic. T h i s sample y i e ld ed a much lower
concentration for arsenic (0.2 ppm vs 1.24 p p m ) , suggesting the f i r s t result may have been
anomalous. In any event, because it is l i k e l y that the mass of garlic ingested per day is r e la t iv e ly
small , risks at this location are not l i k e l y to be of concern.
At property 6, a number of vegetables had concentration values that were higher than in samples
f rom most other proper t i e s , and sample s f rom this location could be of po t ent ia l concern for an
RME consumer. The concentrations of arsenic in the garden soil samples at this location were
also somewhat higher (mean = 51 p p m ) than for most other gardens (average =15 ppm, range =
11 to 24 p p m ) , s u g g e s t i n g the elevated values were at tr ibutable to soil contamination. An
interview with the p r o p e r t y owner did not reveal any probable source of arsenic in the garden.
An al ternat ive approach for evaluat ing the risks f rom arsenic in garden vegetables is to compare
the doses ca l cu la t ed from site vege tab l e data to those that occur through the normal die t . The s e
data are summarized below:

Parameter
T y p i c a l dietary intake of arsenic'
Est imated I n t a k e at V B I 7 0 Proper t i e s

Property 6
Property 1 1
A l l other p r o p e r t i e s

V a l u e ( u g / k g - d a y )
0.36-0.81

0.26 - 2.63
0.10-0.99

0.001-0.35
"Gunderson 1995

As seen, intakes of arsenic from vegetables are generally within the typical amount in the diet at
all locations except for Property 6, s u p p o r t i n g the conclusion that neither intakes nor risks are
excessive at locations where garden soi l s do not exceed about 50 ppm.
4 . 5 U N C E R T A I N T I E S I N A R S E N I C R I S K A S S E S S M E N T
It is important to recognize that the ca l cu la t i on s of short-term and long term exposure and risk
from arsenic inges t ion in soil are based on a number of assumptions and es t imates , and that these
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introduce uncertainty into the risk results. The most important of the sources of uncertainty in the
ca l cu la t i ons are summarized below.
Uncer ta in ty in Concentration Terms
The concentration term that is a p p r o p r i a t e for c a l c u l a t i n g exposure and risk from ingest ion
exposure to arsenic is the true mean concentration in the medium of concern (so i l , dust,
vegetables), averaged over the area and time interval (averaging time) of concern. Because the
true mean cannot be calculated from a l i m i t e d set of sample resul t s , the USEPA uti l ize s the 95%
upper conf idence limit of the mean as a conservative estimate of the true mean. Thi s approach
h e l p s ensure that the exposure and risk es t imates that are derived are more l i k e l y to overestimate
that underes t imate the actual risk.
On the other hand, data on the re lat ion between the concentration of arsenic in bulk (uns i eved)
soil sample s and in the f i n e ( s i ev ed) f r a c t i o n indica t e s arsenic may tend to be somewhat more
concentrated (perhaps about 20%) in the f i n e s than in the bulk. U S E P A generally assumes that
when soil is ingested by hand to mouth contact, it is l i k e l y that the par t i c l e s ingested will be
mainly f in e s . If this is true, exposure ca l cu la t i on s based on the measured concentration in bulk
samples may tend to underestimate risk by about 20%.
Uncer ta inty in Intake Rates
Data on the amount of soil ingested by humans are very l i m i t e d . Measurements are d i f f i c u l t to
per form, and results vary s i g n i f i c a n t l y from study to study and from method to method. In
a d d i t i o n , data are based mainly on short term s tudie s , so es t imates of long-term average intake
rates are e s p e c i a l l y uncertain. Moreover, intake rates are l i k e l y to vary f r o m site to site and
property to property, depending on things such as climate, socioeconomic status, yard condition,
etc, so the d e f a u l t intake rates used in these ca l cu la t i on s may not r e f l e c t the true intake rates at the
site. Because of the l imi ta t i on s in the data, the d e f a u l t values recommended by U S E P A are
intended to be on the high side (i.e., are more l i k e l y to overestimate than underest imate actual soil
inges t ion).
Uncer ta in ty in Exposure Duration
Cancer risk calculat ions depend on the duration of exposure. Defau l t exposure durations used in
the risk assessment are not s i t e - s p e c i f i c , and are estimated f rom data on the l eng th of time that
p e o p l e own a particular residence. Thus , actual exposure durations of residents at the site may not
be the same as the assumed exposure durations assumed, and might be either longer or shorter
than assumed.
Uncertainty in T o x i c i t y F a c t o r s
One of the largest sources of uncertainty in most risk assessments stems from uncertainty in the
t o x i c i t y f a c t o r s used to predic t responses f r o m the ca l cu la t ed doses. In the case of arsenic, dose-
response data are derived f rom s tud i e s in humans, which s i g n i f i c a n t l y reduces the degree of
uncertainty compared to extrapolat ions based on animal data. However, a s igni f i cant degree of

38



h-
PUBLIC REVIEW DRAFT

H uncertainty s t i l l remains in all of the t o x i c i ty fac tor s . For example, dose-response curves in the
key s tudie s are general ly l imited by lack of precise data on the actual exposure rates. Moreover,
there are s t i l l large uncertainties in how to extrapolate from relatively high exposure levels to

—~ lower exposure levels, and in the importance of cultural and ethnic d i f f e r e n c e s between d i f f e r e n t
s tudy p o p u l a t i o n s . USEPA is currently in the process of reassessing the risk characterization for
arsenic, and the quantitative risk fa c t or s (RfD and/or oral s l o p e f a c t o r ) may be revised in the

' future as new data and as new analyses warrant.
Uncertainty in B i o a v a i l a b i l i t y
In order to cause an adverse response, arsenic that is ingested must be absorbed into the body. As

—r- d e t a i l e d in USEPA (2000b), measurements of the arsenic relative b i oava i lab i l i ty have been
per formed for f i v e s o i l s f r om the V B I 7 0 site. W h i l e measurements based on site so i l s
s i g n i f i c a n t l y reduces uncertainty in this exposure parameter, uncertainty still remains. For

— example , variabil i ty was observed between d i f f e r e n t site so i l s , and a conservative estimate of the
mean value was employed to represent the site-wide average absorption. T h i s approach is
expected to result in an over-estimate of true absorption. Another source of uncertainty is in the

^ extrapolation of data from test animals to humans. The test animals (swine) were selected
because they are believed to have a gas trointe s t inal system s imilar to that in humans, but it is also
expec t ed that absorpt ion in humans may vary as a f u n c t i o n of age, stomach contents, nutritional

"*"" status, etc. Thus , the measurements in animals should be viewed as uncertain estimates of the true
values in humans.
Uncertainty in Shor t-Term Exposure and Risks

_ As noted earlier, short-term exposures to arsenic might be of concern at some proper t i e s (see
Sec t i on 4.4.2), d e p e n d i n g on the actual short-term level of soil inge s t ion by a c h i l d , and on the
size of the area over which a child might be exposed during short term activities. For the

— purposes of the calculations, an area 1 / 1 0 the size of the yard was assumed. T h i s is probably
reasonable for sub-acute exposures (those which occur over the course of several days), but might
be somewhat conservative for sub-chronic exposures (those which occur over the course of

— several months). Because no data are currently available to improve on the estimates of short-
term exposure f rom soil (either the actual intake rates or the area over which exposure occurs), the
most e f f e c t i v e approach for evaluating this type of risk would be an on-going program of

~ biomonitoring in community residents, e sp e c ia l ly children. Such a program would provide
information on the frequency and level of non-dietary arsenic exposures that may be of either

_ short-term or l ong term health concern.
Summary
Because of the uncertainties summarized above, none of the exposure and risk ca l cu la t ions for
arsenic should be interpreted as accurate measures of the true risk. Rather, all values should be

— interpreted as uncertain estimates. Because most of the approaches for dealing with uncertainty
are intended to be conservative (i.e., are more l i k e l y to overestimate than underes t imate), the risk
values above should be thought of as high-end es t imates of the true risk, and actual risks are l i k e l y

~~ to be lower.
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T A B L E 4 - 1 E S T I M A T E D C A N C E R R I S K F R O M A R S E N I C I N S O I L A N D D U S T

N e i g h b o r h o o d
C l a y t o n

Cole

Five Points

G l o b e v i l l e

S w a n s e a / E l y r i a

A l l N e i g h b o r h o o d s

Propert ie s
E v a l u a t e d

644

601

14

22

267

1548

CTE Cancer Risk
<i1E-05

587
91.1%

554
92.2%

14
100.0%

22
100.0%

247
92.5%
1424

92.0%

1E-05-1E-04
57

8.9%
47

7.8%
0

0.0%
0

0.0%
20

7.5%
124

8.0%

1E-04-1E-03
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

> 1E-03
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

RME Cancer Risk
S 1 E - 0 5

219
34.0%

124
20.6%

2
14.3%

4
18.2%

92
34.5%

441
28.5%

1E-05-1E-04
371

57.6%
437

72.7%
12

85.7%
18

81.8%
157

58.8%
995

64.3%

1E-04-1E-03
54

8.4%
40

6.7%
0

0.0%
0

0.0%
18

6.7%
112

7.2%

> 1E-03
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

Arsenic ca l c s . x l s
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T A B L E 4 - 2 E S T I M A T E D C H R O N I C N O N C A N C E R R I S K F R O M A R S E N I C I N S O I L A N D D U S T

Neighborhood
Clay ton

Cole

F i v e Point s

G l o b e v i l l e

S w a n s e a / E l y r i a

A l l N e i g h b o r h o o d s

Proper t i e s
Evaluated

644

601

14

22

267

1548

CTE H a z a r d Quotient
51

643
99.8%

601
100.0%

14
100.0%

22
100.0%

267
100.0%

1547
99.9%

1-2
1

0.2%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
1

0.1%

2-5
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

6-10
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

>10
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

RME Hazard Quotient
51

633
98.3%

585
97.3%

14
100.0%

22
100.0%

266
99.6%

1520
98.2%

1-2
7

1.1%
10

1.7%
0

0.0%
0

0.0%
1

0.4%
18

1.2%

2-5
4

0.6%
6

1.0%
0

0.0%
0

0.0%
0

0.0%
10

0.6%

6-10
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

>10
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
0

0.0%

A r s e n i c ca l c s . x l s
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T A B L E 4 - 3 E S T I M A T E D R I S K F R O M A R S E N I C I N G A R D E N V E G E T A B L E S
Proper ty
N u m b e r

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

N e i g h b o r h o o d

C L A Y T O N
C L A Y T O N
C L A Y T O N
C L A Y T O N
C L A Y T O N
C L A Y T O N
C L A Y T O N
COLE
COLE
COLE
COLE
COLE
COLE
COLE
COLE
COLE
S W A N S E A / E L Y R I A
S W A N S E A / E L Y R I A
S W A N S E A / E L Y R I A

S a m p l e
S i z e

10
1
1
6
2
12
2
2
2
1
6
4
9
3
4
1
2
1
3

Concen tra t i on in V e g e t a b l e
( m g / k g ww)

Mean M a x E P C ( a )
3.3E-03 8.1E-03 5.3E-03
4.1E-03 4.1E-03 4.1E-03
4.4E-02 4.4E-02 4.4E-02
1.8E-02 5.5E-02 5.5E-02
1.2E-02 1.9E-02 1.9E-02
1.7E-01 9.8E-01 5.4E-01
1.0E-02 1.6E-02 1.6E-02
5.2E-02 6.7E-02 6.7E-02
1.7E-03 1.8E-03 1.8E-03
1.9E-03 1.9E-03 1.9E-03
5.0E-02 2.0E-01 2.0E-01
4.4E-02 7.3E-02 7.3E-02
1.3E-02 3.4E-02 3.4E-02
1.1E-02 1.9E-02 1.9E-02
1.0E-02 3.1E-02 3.1E-02
2.0E-02 2.0E-02 2.0E-02
2.4E-03 3.4E-03 3.4E-03
1.4E-03 1.4E-03 1.4E-03
2.6E-03 4.8E-03 4.8E-03

Chronic Noncancer Risk
C T E R M E

8E-03 9E-02
6E-03 7E-02
7E-02 7E-01
9E-02 9E-01
3E-02 3E-01
9E-01 ; 9E+00 1
3E-02 3E-01
1E-01 1E+00
3E-03 3E-02
3E-03 3E-02
3E-01 3E+00
1E-01 1E+00
5E-02 5E-01
3E-02 3E-01
5E-02 5E-01
3E-02 3E-01
5E-03 5E-02
2E-03 2E-02
7E-03 8E-02

L i f e t i m e Cancer Risk
C T E R M E

5E-07 2E-05
4E-07 1E-05
4E-06 1E-04
5E-06 ; ":2E-04 H
2E-06 6E-05
5E-05 [ ; 2E-03TS !-
1E-06 5E-05
6E-06 2E-04
2E-07 5E-06
2E-07 6E-06
2E-05 6E-04
7E-06 2E-04
3E-06 1E-04
2E-06 6E-05
3E-06 1E-04
2E-06 6E-05
3E-07 1E-05
1E-07 4E-06
4E-07 1E-05

Notes:
S h a d i n g indicates that vegetable concentration and r e s u l t i n g
risk may exceed protec t ive l e v e l s ,
(a) EPC = 95% UCL or max

vegr i sk f ina l . x l s
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EXPOSURE AND RISK FROM LEAD

- 5.1 OVERVIEW
As noted earlier, risks from lead are evaluated using a somewhat d i f f e r e n t approach than for most

J~ other metals. F i r s t , because lead is wide-spread in the environment, exposure can occur by many
d i f f e r e n t pathways. Thus, lead risks are usually based on consideration of total exposure (all
pathways) rather than jus t to site-related exposures. Second, because studies of lead exposures

i and resultant heal th e f f e c t s in humans have t rad i t i ona l ly been described in terms of blood lead
level (PbB, expressed in units of u g / d L ) , lead exposures and risks are t y p i c a l l y assessed using an

^_ uptake-biokinetic model rather than an RfD approach. T h e r e f o r e , calculating the level of
' exposure and risk from lead in soil also requires assumptions about the level of lead in other

media, and also requires use of pharmacokinetic parameters and assumptions that are not needed
_ in traditional methods.i

For residential land use, the sub-populat ion of chief concern is young children. T h i s is because
-r young children 1) tend to have higher exposures to lead in soil, dust and paint, 2) tend to have a

higher absorption fract ion for ingested lead, and 3) are more sensitive to the toxic e f f e c t s of lead
than are o lder chi ldren or adul t s .

i It is currently d i f f i c u l t to i d e n t i f y what degree of lead exposure, if any, can be considered sa f e in
young children. Some studies report subtle signs of lead-induced neurobehavioral e f f e c t s in

T children beginning at around 10 ug/dL or even lower, with popu la t i on e f f e c t s becoming clearer
and more d e f i n i t e in the range of 30-40 u g / d L (ATSDR 1998, CDC 1991). On the other hand,

_ some researchers and clinicians believe the e f f e c t s that occur in children at low blood lead levels
are so minor that they need not be cause for concern.

__ A f t e r a thorough review of all the data, the U S E P A has i d e n t i f i e d 10 u g / d L as the blood lead level
at which e f f e c t s that warrant avoidance begin to occur, and has set as a goal that there should be
no more than a 5% chance that any child will have a blood lead value above 10 ug/dL (EPA

- 1994a, 1994b). T h i s approach focuse s on the risks to a child at the upper bound (about the 95th
percent i l e) of the exposure distribution, very much the same way that the approach used for other
chemicals focuses on risks to the RME individual. The Centers for Disease Control (CDC) has

~ also es tablished a gu ide l ine of 10 ug/dL in preschool chi ldren which is believed to prevent or
minimize lead-associated cognitive d e f i c i t s (CDC 1991).
5.2 IEUBK MODEL FOR ASSESSING LEAD RISK
The U S E P A has developed an Integrated Exposure Uptake Biokinetic (IEUBK) model for
pred i c t ing the l ike ly range of blood lead levels in a popula t ion of young children (age 0-6 years)
exposed to a s p e c i f i e d set of environmental lead l eve l s (USEPA 1994b). T h i s model requires as
input data on the levels of lead in soil, dust, water, air, and diet at a particular location, and on the
amount of these media ingested or inhaled by a child l iv ing at that location. All of these inputs to
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T" the IEUBK model are central tendency point estimates. These point estimates are used to

calculate an estimate of the central tendency (the geometric mean) of the distribution of blood
_ lead values that might occur in a popu la t i on of chi ldren exposed to the s p e c i f i e d conditions.
t Assuming the distribution is lognormal, and given (as input) an estimate of the variability

between d i f f e r e n t children (this is s p e c i f i e d by the geometric standard deviation or G S D ) , the
T- model calculate s the expected di s tr ibut ion of blood lead values, and estimates the probab i l i ty that1 any random child might have a blood lead value over 10 u g / d L .
-r If all of the IEUBK model exposure l eve l s and intake rates are set at their d e f a u l t values, and if

the concentration of lead in dust is assumed to be 70% of that in soil (the d e f a u l t assumption),
then the IEUBK model predict s that a soil lead level of about 350 ppm corresponds to the target

~j~ risk level (no more than a 5% chance of exceeding a blood lead level of 10 u g / d L ) . If d e f a u l t
estimates of dietary intake are adjus ted downwards by a fac tor of 0.7 to r e f l e c t lower lead levels in

_ the current f ood supp ly (Bolger et al. 1996, Gunderson et al. 1995, G r i f f i n et al. 1999) than are
assumed in the d e f a u l t IEUBK model, then the soil lead level that corresponds to the target risk
level is about 400 ppm. Based in part on these results, U S E P A has established a national po l i cy

_ that soil lead levels below 400 ppm may be assumed to be below a level of health concern (EPA
i 1994a). S o i l lead level s above 400 ppm may or may not be of concern, d ep end ing on s i t e - s p e c i f i c

factors.
- Whenever reliable s i t e - sp e c i f i c data are available on any of the IEUBK model input parameters,

these are used in preference to the assumptions employed in the d e f a u l t case. At this site, the only
-7 s i t e- spec i f i c information available for r e f in ing the estimate of lead risk to children is the measured

re la t ionsh ip between lead in soil and lead in indoor dust (see Figur e 2-8):
~ Cd = 0.34-C s+150

As shown in F i g u r e 5-1, when this s i t e - s p e c i f i c soil-dust r e la t ionsh ip is employed in the IEUBK
~~ model in place of the d e f a u l t assumption (Cd = 0.7-CS), the soil lead concentration that

corresponds to the target risk level does not change s i g n i f i c a n t l y , but the predic t ed blood lead
__ values at soil lead concentrations above 400 ppm are somewhat lower that those p r e d i c t e d by the

d e f a u l t model. These adjus tment s to the model, along with the other model inputs, are
summarized in T a b l e 5-1. Thi s s i t e- spec i f i c ad ju s t ed model was used to evaluate risks to children

_ from lead in soil and dust, as described below.
5.3 RISK CHARACTERIZATION FOR LEAD
5.3.1 Risks f rom Lead in Soil and Dust
The risk to children (age 0-84 months) was calculated for each property, using the mean soil lead
concentration as input, and predic t ing the dust lead concentration using the equation above. The
results are shown in T a b l e 5-2.

w~

As seen, of the total of 1,548 residences examined, a total of 159 (10%) have mean soil lead levels
above 400 ppm. In most of these cases the soil lead is only s l i g h t l y elevated, with 137 of the 159
being less than 600 ppm. When characterized in terms of pr ed i c t ed risk of exceeding a blood lead
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level of 10 u g / d L (this is referred to as "P10"), the major i ty of homes (108 out of 159) above the
400 ppm soil lead level would be expected to have P10 values of 5-10%, only s l i g h t l y above the
heath-based goal. However, about 40 properties would be expected to have P10 values between
10-20%, and 11 homes are predicted to have P10 values greater than 20%.
Although homes with elevated soil lead are found in all neighborhoods, the density of homes
above 400 ppm tends to be higher in the central and western part of the site than in areas on the
eastern side of the site. T h i s is i l lus trated in Figure 5-2 and in the f o l l o w i n g table:

Area
1
2
3
4
5
6

N
26
13
67
171
674
600

N > 400 opm
2
6

25
5

107
14

%
8%

46%
37%
3%
16%
2%

5.3.2 Risks f r om Lead in Garden Vege tab l e s
As shown prev iou s ly (see Figure 2-9), there is e s s ent ia l ly no uptake of lead f rom soil into garden
vegetables at this site. On this basis, it is concluded that exposure to lead from ingestion of home
grown garden vege table s is not of concern.
5 . 4 U N C E R T A I N T I E S I N LEAD R I S K E V A L U A T I O N
It is important to stress that lead risk predictions based on the IEUBK model are uncertain. T h i s
uncertainty arises f r om a number of factors . F i r s t , there is inherent d i f f i c u l t y in providing the
model with reliable estimates of human exposure to lead-contaminated media. For example,
exposure to soil and dust is d i f f i c u l t to quanti fy because human intake of these media is l i k e ly to
be h ighly variable, and it is very d i f f i c u l t to derive accurate measurements of actual intake rates.
Likewise, s i t e- spec i f i c data on exposure to lead through the diet is generally not available, and
because dietary lead level s have been decreasing over time, the d e f a u l t data used in the model
may no longer be accurate. Second, it is o f t e n d i f f i c u l t to obtain reliable estimates of key
pharmacokinetic parameters in humans (e.g., absorption fraction, distribution and clearance rates,
etc.), since direct observations in humans are limited. F i n a l l y , the absorption, distribution and
clearance of lead in the human body is an extremely complicated process, and any mathematical
model intended to simulate the actual processes is l ike ly to be an over-simpli f icat ion.
Consequently, IEUBK model calculations and predict ions should not be thought of as being
identical to actual risk.
One way to h e l p determine whether the IEUBK model is y i e ld ing reliable results at a particular
site is to compare the IEUBK model predict ions with actual observations of blood lead levels in
the p o p u l a t i o n of children currently l iv ing at the site. Thi s approach has been used at a number of
other sites in the Rocky Mountain west (e.g., Aspen, L e a d v i l l e , Midva l e) , and it is usually found
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that the observed incidence of elevated blood lead values is not as high as predicted by the model.
There are a number of reasons why this might be so, including potential l imitations in the blood
lead s tudy i t s e l f . However, the consistency of this pattern across sites suggests that, on average,
the d e f a u l t IEUBK model may tend to be somewhat over-conservative. If so, this would
presumably stem from imprecision in one or more of the model input s ( e s p e c i a l l y in intake rates
and biokinetic fac tor s), but the actual basis source of the apparent discrepancies between predic ted
and observed blood lead values remains uncertain and controversial.
At the V B I 7 0 site, only very limited blood lead data are available. Thes e data were derived from
a study of indiv idual s l iving at homes selected for soil removal as part of the Phase II program.
Thes e i n d i v i d u a l s were asked to allow sampl ing of hair and urine to assess arsenic exposure, and
sampl ing of blood to assess lead exposure. A total of 15 individual s par t i c ipat ed . The results for
blood lead are summarized below:

Age category

C h i l d (0-7 years)
A d u l t (>7 Year s)
A l l

N

2
13
15

Lead in S o i l ( p p m )
Mean
426
489
484

Max
426

1318
1318

PbB (ug/dL)
Geometr i c mean

2.0
2.1
2.2

Max
2.0
4.0
4.0

T h i s data set is much too limited to support any strong conclusion, e s p e c ia l ly because the number
of ch i ldren p a r t i c i p a t i n g was so low, and because many of the prop er t i e s had lead l eve l s in soil
that were only moderat e ly e levated. However, the data do not provide a basis for conc luding that
lead exposures are above a level of concern.
Because of the potential uncertainties that may be associated with the use of the IEUBK model in
s e l ec t ing an action level for soil in residential areas, it is sometimes use ful to consider the results
of alternative approaches. Perhaps the most direct approach is to inves t igate the e f f i c a c y of soil
remediation in reducing blood lead values in residential children. A study of this sort has been
performed by the USEPA in urban areas of Baltimore, Boston and Cincinnati (EPA 1995a).
Because of this s tudy de s ign, this inves t igation is u sual ly referred to as the "three cities study".
Among the key f i n d i n g s of this study was the conclusion that:

"..soil abatement alone will have l i t t l e or no e f f e c t on reducing exposure to lead unless
there is a substantial amount of lead in soil and unless this lead is the primary source of
lead in house dust"

The report did not rigorously de f ine "substantial", but it was only when soil lead levels were
higher than 1,000-2,000 ppm that a b ene f i t from soil remediat ion was detec table . Conversely, in
two cities where soil lead levels were mainly less than 1,000 ppm, no substantial decrease in
blood leads could be detected f o l l o w i n g soil remediation. As noted earlier, 99% of all p rop er t i e s
tested in Phase III have soil lead concentrations below 700 ppm, with only one property being
above 1,000 ppm (1,131 ppm). A l s o recall that, at the VBI70 site, available data indicate that

43



r PUBLIC REVIEW DRAFTf
p only about 34% of the mass of interior dust appears to be derived f r om yard soil. T h u s , it appears

that neither of the two conditions needed for soil removal to be e f f e c t i v e are l i k e l y to a p p l y at
most propert ie s at the V B I 7 0 site.r
Another approach for assessing hazard from lead in soil is currently under development by
USEPA Region VIII. T h i s approach, referred to as the Integrated Stochast ic Exposure (ISE)

^~ Model for Lead, is s imilar to the IEUBK model, except that it uses probab i l i ty density funct ions
(PDFs) rather than point est imates as inputs for most concentration and exposure parameters.

__ These di s tributions are combined using Monte Carlo simulation techniques to yield a predicted
dis tribution of absorbed lead doses ( u g / d a y ) for d i f f e r e n t members of the exposed popu la t i on .
T h e s e doses are then used as input to the biokinetic portion of the IEUBK model in order to

-r- generate the predicted distribution of blood lead values in the popula t ion. Thus, the variability
between chi ldren is evaluated in the ISE model based on the variability in environmental and
exposure parameters, rather than by a p p l i c a t i o n of an assumed or es t imated GSD value as in the

- IEUBK model. A more complete description of the model and of the input parameters can be
found in Goodrum et al. (1996). Because this model has not yet undergone peer review or
v a l i d a t i o n , it is considered to be only an inves t igat ive tool. However, when the ISE model is used

~~ to estimate the relation between soil lead and blood lead using the inputs l i s t ed in T a b l e 5-3, the
probabi l i ty of a child having a blood lead value higher than 10 ug/dL does not exceed the health-

_^ based goal of 5% until soil lead l eve l s exceed about 1,500 ppm.. Based on the re sul t s f rom Phase
' 3a soil s ampl ing , no propert i e s were located where mean soil lead levels exceed 1,500 ppm,

sugges t ing lead risks to children might not be of concern at this site.
Although none of these alternative approaches form a s u f f i c i e n t basis for select ing an alternative
soil action level for lead, they do provide a sense as to uncertainty in the value, and the range of

-. al ternative values that might be s u f f i c i e n t to ensure protec t ion of pub l i c health.
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TABLE 5-1 I E U B K MODEL INPUTS
S O I L / D U S T I N P U T S

Csoil = proper ty- sp e c i f i c average (ppm)
Cdust = 0.34*Csoil + 150 ( p p m ) a

C O N S T A N T S
P A R A M E T E R
Air concentration ( u g / m 3 )
Indoor air concentration
Drinking water concentration (ug/L)
Absorpt ion Frac t i ons:

Air
Diet
W a t e r
S o i l / D u s t
Other"

F r a c t i o n soil
G S D

V A L U E
0.10
30% of outdoors
4.0

32%
50%
50%
30%
30%
45%
1.6

A G E D E P E N D E N T

Age

0-1
1-2
2-3
3-4
4-5
5-6
6-7

A I R
T i m e Outdoor s

(hrs)
1.0
2.0
3.0
4.0
4.0
4.0
4.0

Vent. Rate
( m 3 / d a y )

2.0
3.0
5.0
5.0
5.0
7.0
7.0

D I E T
Dietary intake

( u g / d a y )
3.87
4.05
4.54
4.37
4.21
4.44
4.90

W A T E R
I n t a k e

( L / d a y )
0.20
0.50
0.52
0.53
0.55
0.58
0.59

S O I L
I n t a k e

( m g / d a y )
85

135
135
135
100
90
80

O T H E R "
I n t a k e

( u g / d a y )
5.74
9.11
9.11
9.11
6.75
6.08
5.74

a The baseline concentration of lead in dust (11 p p m ) is entered using the O T H E R input menu



T A B L E 5 - 2 E S T I M A T E D R I S K S T O C H I L D R E N F R O M L E A D I N S O I L A N D D U S T
Neighborhood

C L A Y T O N
COLE

F I V E P O I N T S
G L O B E V I L L E

S W A N S E A / E L Y R I A
A L L

Count
644

100%
601

100%
14

100%
22

100%
267

100%
1548

Count >400
18

2.8%
104

17.3%
7

50.0%
2

9.1%
28

10.5%
159

P 1 0 > = 5 a n d < 1 0
11

1.7%
77

12.8%
3

21.4%
1

4.5%
16

6.0%
108

P10>=10and<20
4

0.6%
23

3.8%
3

21.4%
0

0.0%
10

3.7%
40

P10>=20
3

0.5%
4

0.7%
1

7.1%
1

4.5%
2

0.7%
11

Lead c a l c s . x l s
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TABLE 5-3 ISE MODEL INPUTS

S o i l - d u s t Relat ionship
Dust =150+ 0.34* S o i l

Intake Rate Parameters
Parameter
IR*
W F V

W F M i l

Descr ip t ion (units)
S o i l / d u s t ingestion rate ( r a g / d a y )
W e i g h t i n g f a c t o r , age ( u n i t l e s s )
W e i g h t i n g fa c t or , soil ( u n i t l e s s )

PDF
PDF
cumulative
Point
es t imate
T r i a n g u l a r

Parameters
{0, 10, 45, 88, 186, 208, 225, 7000}
{0, 0.25, 0.50, 0.75, 0.90, 0.95, 0.99, 1.0}
Same as 1EUBK
{min, mode max} = {0.30, 0.45, 0.60}

Exposure Frequency
Parameter
EF

D e s c r i p t i o n ( u n i t s )
Exposure Frequency (days)

PDF
Triangular

Parameters
{200, 234, 350}
{min, mode, max}

Other Parameters
RBA - 0.60 (Point estimate)

Concentration of lead in water and air (point estimates) - The concentration of water was
estimated as 4 u g / L . For air, a d e f a u l t value of 0.1 ug Pb/m 3 air was used.

Other values that were entered as point estimates include air inhalation rates, absorption fract ions
of water, diet , and other (non-so i l /du s t). Thes e values were l e f t as parameters provided in the ISE
model (Goodrum et al. 1996).
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APPENDIX B
SCREENING LEVEL EVALUATION OF
R E L A T I V E R I S K FROM A R S E N I C V I A

INHALATION OF DUST OR DERMAL CONTACT WITH SOIL
COMPARED TO SOIL INGESTION

1.0 INHALATION OF PARTICULATES IN AIR
The basic equations recommended by USEPA (1989) for evaluation of risk from inhalat ion
exposure of soil par t i c l e s in air and for incidental ingestion of soil are as f o l l o w s :

I n h a l a t i o n Exposure

Inge s t i on Exposure
= C s o i l-IR s o i l-EF-ED/(BW-AT)-SF o r a l

where:
C = Concentration of contaminant in air (Ca, m g / m 3 ) or soil (C s o i l , m g / k g )
BR = Breathing rate ( m 3 / d a y )
IRsoi, = Inges t ion rate for soil ( k g / d a y )
EF = Exposure frequency ( d a y s / y r )
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (days)
SF = Cancer s lope fa c t or for inhalation or oral exposure

Assuming that the values of BW, EF, ED, and AT are all the same for inhalation and oral
exposure, the ratio of the risk from inhalation of particulates in air to that from ingestion of soil
is then:

Relative risk (inhala t ion/ora l) = (Ca i r/C s o i l)(BR/IR)(SF i n h a l/SF o r a l)
Screening level d e f a u l t s inputs for this equation are as f o l l o w s :

• The ratio C a i r / C s o i | is given by the EPA recommended d e f a u l t Paniculate Emission
F a c t o r (PEF) of 7.6E-10 kg/m 3 (EPA 1996)

• The ratio of BR/IR for a resident is 20 m'/day / IE-04 k g / d a y = 2E+05 r r f / k g
(USEPA 1989, 1991b)



* For arsenic, the ratio of the inhalation s l ope f a c t o r to the oral s lope fa c t or is 15/1 .5
= 10 (IRIS 2000).

Based on these values, the ratio of the risk from inhalation exposure to arsenic in airborne soil
part ic le s compared to that from ingestion exposure is:

Relative risk = 7.6E-10 • 2E+05 • 10 = 0.00152 (0.15%)
As seen, the risk from inhaled arsenic is very small (< 0.2%) compared to that from ingested soil,
so this pathway is considered to be s u f f i c i e n t l y minor that quantitative evaluation is not required
at this site.
2.0 DERMAL EXPOSURE VIA SOIL
The basic equations recommended for estimation of risk from dermal contact with soil and
ingestion of soil are as f o l l o w s (EPA 1989, 1992):

Dermal Exposure
, = C s-SA-AF-ABS-EF-ED/(BW-AT)-(SF o r a l/AFo)

Oral Exposure
Risk,,,, = C s-IR s o i l-EF-ED/(BW-AT)-SForal

where:
C s = concentration of chemical in soil ( m g / k g )
SA = surface area in contact with soil (cm2)
AF = soil adherence f a c t o r (kg/ cm 2 )
ABS = dermal absorption fract ion (unit le s s)
AFo = oral absorption f rac t i on
IRsoii = ingestion rate for soil ( k g / d a y )
BW = body weight (kg)
EF = exposure frequency ( d a y s / y r )
ED = exposure duration (years)
AT = averaging time (days)
SFora l = cancer s lope factor for oral exposure

Thus, assuming the values of BW, ED, and AT are the same for dermal and oral exposure, the ratio
of the risk for dermal contact compared to that for soil ingestion is given by:

Relative risk (dermal /ora l) = (SA-AF-EFd e i m a,-ABSy(IR-EF o r a l-AFo)
Screening level inputs for this equation are as f o l l o w s :

SA = 1 0% of whole body = 2,000 cm2 (USEPA 1991b).



AF = 1E-06 kg/cm 2 (USEPA 1992)
EF d e m m l = 50 d a y s / y r (assumed)
ABS is not known for arsenic, but is l ike ly to be no higher than 0.01 (USEPA 1992)
IR = IE-04 k g / d a y (USEPA 1989 ,1991b)
EF o r a l = 350 d a y s / y r (USEPA 1989 ,1991b)

• AFo = 1.0 for arsenic (assumed)
Based on these inputs, the estimated ratio of dermal risk to ingestion risk for arsenic in soil is:

Relative Risk = (2E+03-1E-06-50-0.01)/(1E-04-350-1.0) = 0.029 (2.9%)
Thus, the relative risk from dermal contact with arsenic in soil compared to ingestion exposure is
l ik e ly to be no more than about 3 %, and could be less if the frequency or extent of dermal contact
is lower than assumed, or if the dermal absorption f ra c t i on for arsenic is lower than 0.01. On this
basis, it is concluded that dermal absorption is a minor contributor of risk compared to oral
exposure, and that this pathway may be excluded from quantitative evaluation.
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r APPENDIX C

r R I S K - B A S E D C O N C E N T R A T I O N V A L U E S
FOR WORKERS

1.0 OVERVIEW
A Risk-Based Concentrations (RBC) is a concentration of a chemical in a medium that is not of
health concern to a sp e c i f i ed populat ion under a s p e c i f i e d set of exposure assumptions. RBC
values are derived by reversing the risk assessment process, solving for the concentration of a
chemical that corresponds to a sp e c i f i ed target risk value. T h i s A p p e n d i x calculates the RBC
values for exposure of workers to arsenic and lead in soil. These values may then be used to
assess whether there is a need for quantitative evaluation of risk to this populat ion.
2.0 RBC FOR ARSENIC
The basic equation used to calculate the RBC for exposure of workers to arsenic in soil is:

RBC = Targe t Risk

V B W , E F - E D ^
AT > (OSF • RBA)

I n p u t values a p p l i c a b l e to worker exposure to soil are l i s ted below, along with the resulting RBC
value.

Parameter
Target Risk
I R ( k g / d a y )
BW (kg)
EF ( d a y s / y r )
ED (years)
AT (years)
RBA
o S F ( m g / k g - d ) - '
RBC ( m g / k g )

D e f a u l t V a l u e
IE-04
IE-04

70
250
25
70
0.5
1.5

382

Source
U S E P A 1991b
U S E P A 1991a
U S E P A 199 la
U S E P A 1 9 9 l a
U S E P A 199 la
U S E P A 1 9 9 l a
U S E P A 2000

I R I S 2000
Calcu la t ed



3.0 RBC FOR LEAD
The EPA has not es tablished a d e f a u l t soil action level for lead for protection of workers.
However, the EPA has developed an interim method for calculat ing the risk to workers from lead
in soil (USEPA 1996). The basic equation is:

GM PbB = PbBO + PbS-BKSF-IRs-AFs-EFs/AT
where:

GM PbB = Geometric mean blood lead ( u g / d L ) in a popula t i on of workers
PbBO = Baseline geometric mean blood lead value ( u g / d L ) in the workers in the

absence of occupational exposure
BKSF = Biokinetic slope fac t or (ug/dL increase in blood lead per u g / d a y of lead

absorbed)
PbS = Concentration of lead in soil ( u g / g )
IRs = Intake rate of soil ( g / d a y )
AFS = Absorpt ion fract ion for lead from soil. T h i s value is given by:

A F S = AF f o o d -RBA s o i lEFS = Exposure frequency to soil ( d a y s / y r )
AT = Averaging time (days)

Given the GM PbB, and assuming the distribution of PbB values is lognormal with a geometric
standard deviation of GSD, the 95th percentile of the di s tr ibut ion is given by:

95th = G M - G S D 1 M S

The subpopulation of primary concern for protection of workers from excessive lead exposure is
pregnant f ema l e s . The goal is to ensure that there is no more than a 5% chance that the blood
lead level of the f e t u s will exceed 10 ug/dL. The ratio between the blood lead concentration in
the mother and the f e t u s is given by:

R ( f e t a l / m a t e m a l ) = PbB(fe tu s) / PbB(mother)
Defau l t input values recommended by EPA for each of these parameters are summarized in
T a b l e C-l . Using these inputs, the concentration of lead in soil which yie lds a 95th percent i l e
value of 10 u g / d L in the blood of the f e t u s may be calculated. Thi s value is 1,545 ppm.



T A B L E C - 1 D E F A U L T I N P U T S
A D U L T W O R K E R LEAD E X P O S U R E MODELr INPUTS

PbBO
B K S F
I R s o i l
E F s o i l
AT
A F f o o d
RBAsoil
R ( f e t a l / m a t e r n a l )
G S D

CALCULATED VALUES
T a r g e t 95th ( m a t e r n a l )
T a r g e t G M ( m a t e r n a l )
A F s o i l

RESULT
RBC

CHECK
GM
95th

2.0 u g / d L
0.4 u g / d L per u g / d a y

0.05 g / d a y
219 d a y s / y r
365 d a y s / y r
0.2
0.6
0.9
1.8

11.1 u g / d L
4.23 u g / d L
0.12

J S j u g / g
4.23 u g / d L

11.11 u g / d L

Bowers d e f a u l t . x l s


